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Meikha Erfarida Fitri, Jurusan Arsitektur, Fakultas Teknik Universitas Brawijaya, Juli 
2018, Studi Tingkat Keandalan Keselamatan Kebakaran Pasar Andir Kota Bandung, Dosen 
Pembimbing : Heru Sufianto. 
Pasar Andir Kota Bandung merupakan bangunan pasar grosir tekstil yang dimiliki dan 
dikelola oleh Perusahaan Daerah (PD) Pasar, Pemerintah Kota Bandung (Pemkot Bandung). 
Berdasarkan akumulasi aktivitas dan kegiatan serta kuantitas atau kandungan bahan-bahan 
yang mudah terbakar, Pasar Andir Kota Bandung termasuk bangunan yang memiliki potensi 
tinggi terjadinya kebakaran (high risk), laju perkembangan api cepat, dan memiliki nilai 
pelepasan api yang tinggi. Tentunya, apabila bangunan tidak menerapkan upaya pencegahan 
dan penanggulangan kebakaran dengan baik apabila terjadi kebakaran akan menimbulkan 
kerugian yang tinggi, seperti kasus kebakaran tahun 2010 silam. Oleh karena itu, bangunan 
Pasar Andir Kota Bandung terpilih sebagai objek studi penelitian ini. 
Penelitian ini dilakukan untuk mengetahui dan menganalisis tingkat keandalan 
keselamatan kebakaran bangunan gedung berupa sistem proteksi kebakaran dan manajemen 
proteksi kebakaran gedung serta untuk mencari solusi desain dalam meningkatkan nilai 
keandalan keselamatan kebakaran objek. Penelitian ini menggunakan standar acuan Pd-T-
11-2005-C, Permen PU No. 26/PRT/M/2008, Permen PU No. 20/PRT/M/2009, dan Standar 
Nasional Indonesia (SNI). Penelitian ini merupakan penelitian deskriptif-kualitatif dengan 
cara observasi, wawancara, dan studi dokumen serta deskriptif-kuantitatif dengan cara 
analisis AHP (Analitycal Hierarchy Process) serta dilanjut menggunakan tata cara 
pemeriksaan yang diatur dalam Pd-T-11-2005-C. 
Hasil penelitian menunjukkan bahwa tingkat keandalan keselamatan kebakaran Pasar 
Andir Kota Bandung termasuk kategori “Kurang Andal” dengan nilai 53% dan Pasar Andir 
belum memiliki manajemen proteksi kebakaran gedung. Selain itu, solusi desain yang 
ditawatkan dapat meningkatkan keandalan sebesar 30,80%. 
Peneliti merekomendasikan pihak pengelola untuk melengkapi sub-komponen proteksi 
kebakaran yang tidak tersedia serta melakukan perbaikan, pemeriksaan, pemeliharaan dan 
pengujian secara berkala terhadap sub-komponen yang sudah ada. Pihak pengelola juga 
sebaiknya membentuk manajemen proteksi kebakaran gedung dari pembentukan organisasi 
tata cara operasiona pelaksanaan. Selain itu, lebih baik pihak pengelola melibatkan peran 
pedagang dalam tim penanggulangan kebakaran agar kedisiplinan dan kesadaran diri 
mengenai keselamatan kebakaran meningkat. 
Kata kunci : sistem proteksi kebakaran, manajemen proteksi kebakaran gedung, nilai 













































Meikha Erfarida Fitri, Department of architecture, Faculty of Engineering University of 
Brawijaya July 2018, studies the level of reliability of fire safety Andir Market Bandung 
city, Academic Supervisor: Heru Sufianto. 
Andir Market Bandung is a textile wholesale market building owned and managed by 
the company (PD) area of the market, the Government of the city of Bandung (Bandung City 
Government). Based on the accumulation of events and activities as well as the quantity or 
content of the materials which are flammable, Andir Markets including buildings that have 
high potential for the occurrence of fire (high risk), the rate of development of rapid fire, 
and have the value of the release of fire is high. Of course, if the building does not implement 
fire prevention and mitigation efforts well should a fire occur will cause high losses, such as 
the case of a fire in 2010. Therefore, Andir Market Bandung city chosen as the object of this 
research study. 
This research was conducted to find out and analyze the level of reliability of building 
fire safety in the form of fire protection systems and fire protection building management as 
well as to search for design solutions to increase the value of reliability of fire safety of the 
object. This research use the standards of reference Pd-T-11-2005-C, Permen PU No. 
26/PRT/M/2008, Permen PU No. 20/PRT/M/2009, and the Indonesia national standard 
(SNI). This research is descriptive-qualitative research by way of observation, interviews, 
and document studies and descriptive-quantitative analysis by means of AHP (Analitycal 
Hierarchy Process) as well as dilanjut use Ordinance Review set in the Pd-T-11-2005-C. 
The results showed that the level of reliability of fire safety Market Andir, Bandung City 
categories include "less Reliable" with a value of 53% and the market has yet to Andir 
management fire protection building. In addition, the ditawatkan design solutions can 
improve the reliability of 30.80%. 
Researchers recommend officials to complete a sub-component fire protection that is 
not available, and perform repair, inspection, maintenance and testing at regular intervals 
against the sub-components that already exist. Officials should also form the building fire 
protection management of the formation of the Organization of the operasiona 
implementation. In addition, better officials involving the role of traders in fire relief team 
in order for discipline and self awareness about fire safety. 
Keywords : fire protection systems, fire protection managament buildings, value 














































Puji syukur penulis panjatkan kepada Allah SWT yang telah melimpahkan rahmat, 
taufik serta hidayah-Nya sehingga penulis dapat menyelesaikan penelitian skripsi dengan 
judul penelitian “Studi Tingkat Keandalan Keselamatan Kebakaran Pasar Andir Kota 
Bandung”. 
Dalam penyusunan skrispi ini penulis mendapatkan motivasi, dukungan, dan bimbingan 
dari berbagai pihak, oleh sebab itu penulis ingin mengungkapkan rasa terimakasih kepada: 
1.  Allah SWT yang telah memberikan rahmat, hudan, dan karunia-Nya sehingga 
penelitian ini dapat terselesaikan.  
2. Kedua orang-tua dan adik-adikku yang selalu mendukung penulis dalam bentuk 
doa, dukungan moril, maupun materiil yang tak henti-hentinya diberikan. 
3. Bapak Dr. Eng. Herry Santosa, S.T., M.T. selaku Ketua Program Studi Arsitektur 
Fakultas Teknik Universitas Brawijaya. 
4. Bapak Ir. Heru Sufianto, M.Arch. St., Ph.D selaku dosen pembimbing penelitian 
dan ketua program studi atas bimbingan akademik dan pengarahan dalam proses 
penyusunan penelitian. 
5. Pihak Direksi PD Pasar Bermartabat dan Pengelola Pasar Andir Kota Bandung yang 
telah memberikan izin untuk melaksanakan penelitian. 
6. Pak Nugraha M.S. (Pak Nunu) yang telah membantu dalam proses administrasi 
perizinan penelitian. 
7. Pak Tetep Rohmat sebagai kepala MME dan Pak Marko Gunawan, serta seluruh 
staff MEE yang telah meluangkan waktu dan membantu penulis memberikan 
informasi dalam proses pengumpulan data. 
8. Nenekku dan keluarga Pakde di Malang yang telah membantu banyak ditanah 
rantau. 
9. Pangestu Purna Ilhami yang selalu sabar mendengarkan keluh kesah, memberi 
dukungan, dan membantu banyak hal dalam perkuliahan. 
10. Arsitek Bhaday (Fisqiatur, Marlina, Dewi, Icha, Vidya) atas tawa yang selalu kalian 
berikan, dukungan motivasi, dan menampung aku di kosan kalian ketika suntuk 












































11. Sahabat kecilku (Hanna, Hasna, Qonita) dan pembimbingku (Bu Lely dan Teh 
Ghina) yang telah mendoakan, mendukung, dan menyemangatiku selama aku 
merantau. 
12. Teman kosku Dinne, Icha, Mita, Beta yang membantu mengingatkan skrispi dan 
membantu segala permasalahan ketika menyusun skripsi. 
13. Arif Urban Malang yang telah membantu permasalahan ketika laptop tidak bisa 
difungsikan. 
14. Teman-teman seperjuangan angkatan 2014 Arsitektur dan Urban Malang yang 
tidak dapat disebutkan satu persatu. 
Penulis menyadari bahwa penelitian ini jauh dari kata sempurna. Oleh karena itu, 
masukan berupa kritik dan saran yang konstruktif dari pembaca sangat diharapkan. Semoga 
penelitian ini memberikan manfaat bagi penulis secara khusus maupun kepada seluruh 
pembaca secara umum 
 

















































SUMMARY ..................................................................................................................... ii 
KATA PENGANTAR ....................................................................................................... v 
DAFTAR ISI .................................................................................................................. vii 
DAFTAR TABEL ............................................................................................................xi 
DAFTAR DIAGRAM ................................................................................................. xviii 
DAFTAR GAMBAR ....................................................................................................... xx 
BAB I ................................................................................................................................. 1 
PENDAHULUAN ............................................................................................................. 1 
1.1 Latar Belakang .................................................................................................... 1 
1.2 Identifikasi Masalah ............................................................................................ 2 
1.3 Rumusan Masalah ............................................................................................... 2 
1.4 Batasan Penelitian ............................................................................................... 3 
1.5 Tujuan Penelitian ................................................................................................ 3 
1.6 Manfaat Penelitian .............................................................................................. 3 
1.7 Sistematika Penulisan ......................................................................................... 4 
1.8 Kerangka Pemikiran ........................................................................................... 5 
BAB II ............................................................................................................................... 7 
TINJAUAN PUSTAKA .................................................................................................... 7 
2.1 Landasan Teori ................................................................................................... 7 
2.1.1 Pasar ............................................................................................................ 7 
2.1.2 Kebakaran .................................................................................................... 9 
2.1.3 Penyebaran Api ......................................................................................... 12 
2.1.4 Sistem Proteksi Kebakaran ........................................................................ 15 
2.1.5 Manajemen Proteksi Kebakaran Gedung .................................................. 31 
2.2 Penelitian Terdahulu ......................................................................................... 33 
2.2.1 Penelitian I ................................................................................................. 33 
2.2.2 Penelitian II ............................................................................................... 34 











































2.3 Kerangka Teori ................................................................................................. 37 
BAB III ............................................................................................................................ 39 
METODE PENELITIAN ................................................................................................ 39 
3.1 Metode Umum .................................................................................................. 39 
3.2 Objek dan Waktu Penelitian ............................................................................. 39 
3.3 Variabel Penelitian ............................................................................................ 39 
3.4 Pengumpulan Data ............................................................................................ 41 
3.4.1 Pengumpulan Data Primer ......................................................................... 41 
3.4.2 Pengumpulan Data Sekunder .................................................................... 41 
3.5 Instrument Penelitian ........................................................................................ 41 
3.6 Pengolahan Data ............................................................................................... 41 
3.6.1 Manajemen Proteksi Kebakaran Gedung .................................................. 42 
3.6.2 Sistem Proteksi Kebakaran ........................................................................ 43 
3.7 Teknik Analisis Data ........................................................................................ 56 
Kedua kriteria sama penting ............................................................................................ 56 
3.8 Validasi Data ..................................................................................................... 59 
3.9 Kerangka Metode .............................................................................................. 60 
BAB IV ............................................................................................................................ 61 
HASIL DAN PEMBAHASAN ....................................................................................... 61 
4.1 Gambaran Umum Pasar Andir Kota Bandung ................................................. 61 
4.1.1 Lokasi Pasar ............................................................................................... 61 
4.1.2 Kelembagaan Pasar.................................................................................... 61 
4.1.1 Sejarah Pasar Andir ................................................................................... 62 
4.1.2 Pedagang dan Jenis Dagangan ................................................................... 63 
4.1.3 Klasifikasi Bangunan ................................................................................. 64 
4.1.4 Layout dan Zonasi Bangunan .................................................................... 64 
4.2 Identifikasi Bahaya Kebakaran ......................................................................... 69 
4.3 Analisis Manajemen Proteksi Kebakaran Pasar ............................................... 75 
4.3.1 Organisasi Proteksi Kebakaran Gedung .................................................... 76 
4.3.2 Tata Laksana Operasional ......................................................................... 77 
4.4 Analisis Sistem Proteksi Kebakaran Pasar ....................................................... 79 
4.4.1 Kelengkapan Tapak ................................................................................... 79 










































4.4.3 Sistem Proteksi Aktif ............................................................................... 111 
4.4.4 Sistem Proteksi Pasif ............................................................................... 159 
4.5 Tingkat Keandalan Keselamatan Kebakaran Bangunan ................................. 165 
4.6 Rekomendasi Peningkatan Keandalan Kebakaran Pasar ................................ 166 
4.6.1 Kelengkapan Tapak ................................................................................. 166 
4.6.2 Sarana Penyelamatan ............................................................................... 175 
4.6.3 Sistem Proteksi Aktif ............................................................................... 189 
4.6.4 Sistem Proteksi Pasif ............................................................................... 209 
4.6.5 Manajemen Proteksi Kebakaran .............................................................. 214 
4.7 Kesimpulan Rekomendasi Peningkatan Keandalan Kebakaran ..................... 219 
BAB V ........................................................................................................................... 221 
PENUTUP ..................................................................................................................... 221 
5.1 Kesimpulan ..................................................................................................... 221 
5.2 Saran ............................................................................................................... 223 
DAFTAR PUSTAKA .................................................................................................... 224 















































No. Judul Halaman 
Tabel 2.1    Klasifikasi kebakaran NFPA ........................................................................ 10 
Tabel 2.2    Klasifikasi kebakaran Indonesia ................................................................... 11 
Tabel 2.3    Jarak antar bangunan gedung ....................................................................... 17 
Tabel 2.4    Faktor beban hunian ..................................................................................... 18 
Tabel 2.5    Penempatan jenis detektor sesuai fungsi bangunan...................................... 21 
Tabel 2.6    Klasifikasi detektor panas berdasarkan temperatur ...................................... 21 
Tabel 2.7    Faktor pengali sesuai ketinggian langit-langit .............................................. 22 
Tabel 2.8    Mutu bangunan terhadap api ........................................................................ 31 
Tabel 2.9    Hubungan antara penelitian I dengan rencana peneliti ................................ 34 
Tabel 2.10  Hubungan antara penelitian II dengan rencana peneliti  .............................. 35 
Table 2.11  Hubungan antara penelitian III dengan rencana peneliti  ............................. 36 
Tabel 3.1    Variabel penelitian........................................................................................ 40 
Tabel 3.2    Kriteria komponen manajemen proteksi kebakaran gedung ........................ 42 
Tabel 3.3    Kriteria penilaian kelengkapan tapak ........................................................... 44 
Tabel 3.4    Kriteria penilaian sarana penyelamatan........................................................ 45 
Tabel 3.5    Kriteria penilaian sistem proteksi aktif ........................................................ 48 
Tabel 3.6    Kriteria penilaian sistem proteksi pasif ........................................................ 55 
Tabel 3.7    Nilai skala likert untuk perbandingan antar kriteria ..................................... 56 
Tabel 3.8    Tingkat kesesuaian eksisting terhadap kriteria standar ................................ 57 
Tabel 3.9    Pembobotan parameter komponen sistem keselamatan bangunan ............... 57 
Tabel 3.10  Tingkat penilaian audit kebakaran................................................................ 58 
Tabel 3.11  Kondisi fisik komponen keselamatan kebakaran bangunan ......................... 58 
Tabel 4.1    Identifikasi bahaya kebakaran bangunan Pasar Andir Kota Bandung ......... 70 
Tabel 4.2  Perbandingan kondisi eksiting manajemen proteksi kebakaran gedung 
dengan standar .............................................................................................. 76 
Tabel 4.3  Perbandingan kondisi eksiting organisasi proteksi kebakaran gedung 
dengan standar .............................................................................................. 76 










































Tabel 4.5    Perbandingan kondisi eksiting sumber air dengan standar........................... 82 
Tabel 4.6    Perbandingan kondisi eksisting jalan lingkungan dengan standar ............... 86 
Tabel 4.7    Perbandingan kondisi eksisting hidran halaman dengan standar ................. 88 
Tabel 4.8    Perbandingan kondisi eksisting titik kumpul dengan standar ...................... 90 
Tabel 4.9    Keandalan kelengkapan tapak ...................................................................... 91 
Tabel 4.10  Faktor beban hunian ..................................................................................... 92 
Tabel 4.11  Kondisi akses eksit koridor .......................................................................... 93 
Tabel 4.12  Kondisi tangga dan pintu keluar Pasar Andir Kota Bandung .................... 101 
Tabel 4.13  Lintasan bersama, ujung buntu, dan batas jarak tempuh ............................ 104 
Tabel 4.14  Perbandingan kondisi eksisting sarana penyelamatan dengan standar  
terkait .......................................................................................................... 106 
Tabel 4.15  Perbandingan kondisi eksisting kontruksi jalan keluar dengan standar 
terkait .......................................................................................................... 110 
Tabel 4.16  Hasil Analisis Penilaian Komponen Sarana penyelamatan ........................ 111 
Tabel 4.17  Perhitungan Jenis dan Jarak antar detektor seharusnya .............................. 115 
Tabel 4.18  Perbandingan kondisi eksisting detektor dengan standar ........................... 117 
Tabel 4.19  Perbandingan eksisting alarm kebakaran dengan standar terkait ............... 120 
Tabel 4.20  Perbandingan kondisi eksisting siamese connection dengan standar ......... 122 
Tabel 4.21  Kondisi eksisting APAR Pasar Andir Bandung ......................................... 127 
Tabel 4.22  Perbandingan kondisi eksisting APAR dengan standar ............................. 130 
Tabel 4.23  Kondisi eksisting hidran gedung Pasar Andir Kota Bandung .................... 134 
Tabel 4.24  Perbandingan kondisi eksisting hidran gedung dengan standar ................. 138 
Tabel 4.25  Kondisi sprinkler Pasar Andir Kota Bandung  ........................................... 143 
Tabel 4.26  Perbandingan eksisting sprinkler dengan standar terkait  .......................... 144 
Tabel 4.27 Perbandingan eksisting sistem pemadam luapan dengan standar yang 
terkait  ......................................................................................................... 145 
Tabel 4.28  Perbandingan eksisting pengedalian asap dengan standar yang terkait  .... 145 
Tabel 4.29  Perbandingan eksisting pembuangan asap dengan standar yang terkait  ... 146 
Tabel 4.30  Perbandingan eksisting listrik darurat dengan standar yang terkait  .......... 148 
Tabel 4.31 Perbandingan eksisting pusat pengendalian kebakaran dengan standar 
yang terkait  ................................................................................................ 150 
Tabel 4.32 Perbandingan eksisting cahaya darurat dan petunjuk arah jalan keluar 
dengan standar yang terkait  ....................................................................... 157 










































Tabel 4.34  Perbandingan eksisting kompartemenisasi dengan standar yang terkait .... 159 
Tabel 4.35  Perbandingan eksisting ketahanan api struktur bangunan dengan standar 
yang terkait ................................................................................................. 160 
Tabel 4.36   Perbandingan eksisting perlindungan bukaan dengan standar yang terkait
 .................................................................................................................... 164 
Tabel 4.37  Hasil anaslisis penilaian komponen sistem proteksi pasif .......................... 165 
Tabel 4.38  Hasil analisis nilai keandalan sistem keselamatan bangunan ..................... 166 
Tabel 4.39  Perbandingan nilai kriteria sumber air sebelum dan sesudah diperbaiki ... 169 
Tabel 4.40  Perbandingan nilai kriteria jalan lingkungan sebelum dan setelah 
diperbaiki .................................................................................................... 171 
Tabel 4.41  Perbandingan nilai kriteria hidran halaman dan setelah diperbaiki ........... 173 
Tabel 4.42  Perbandingan nilai kriteria titik kumpul sebelum dan setelah diperbaiki .. 175 
Tabel 4.43  Nilai keandalan kelengkapan tapak setelah diperbaiki  .............................. 175 
Tabel 4.44  Perbandingan nilai kriteria sarana penyelamatan sebelum dan setelah 
diperbaiki .................................................................................................... 187 
Tabel 4.45  Nilai keandalan sarana penyelamatan setelah diperbaiki ........................... 189 
Tabel 4.46  Perbandingan nilai kriteria APAR sebelum dan sesudah diperbaiki .......... 193 
Tabel 4.47  Perbandingan nilai kriteria siamese connection sebelum dan sesudah 
diperbaiki  ................................................................................................... 195 
Tabel 4.48  Rekomendasi peletakkan detektor tambahan ............................................. 196 
Tabel 4.49  Perbandingan nilai kriteria sub komponen detektor sebelum dan setelah 
diperbaiki .................................................................................................... 197 
Tabel 4.50  Perbandingan nilai kriteria sub komponen alarm kebakaran sebelum 
dan setelah diperbaiki ................................................................................. 200 
Tabel 4.51  Perbandingan nilai kriteria sub komponen alarm kebakaran sebelum 
dan setelah diperbaiki ................................................................................. 204 
Tabel 4.52  Perbandingan nilai kriteria listrik darurat sebelum dan sesudah 
diperbaiki .................................................................................................... 207 
Tabel 4.53  Perbandingan nilai kriteria cahaya darurat dan petunjuk arah sebelum 
dan sesudah diperbaiki ................................................................................ 208 
Tabel 4.54  Nilai keandalan sistem proteksi aktif setelah diperbaiki ............................ 209 
Tabel 4.55  Perbandingan nilai kriteria sarana proteksi pasif sebelum dan sesudah 
diperbaiki .................................................................................................... 212 













































No. Judul      Halaman 
Diagram 1.1 Kerangka pemikiran ..................................................................................... 6 
Diagram 2.1 Struktur organisasi tim penanggulangan kebakaran  .................................. 32 
Diagram 2.2 Kerangka teori ............................................................................................ 37 
Diagram 2.3 Kerangka metode ........................................................................................ 60 












































No. Judul Halaman 
Gambar 2.1    Segitiga api ............................................................................................ 9 
Gambar 2.2    Grafik perkembangan api .................................................................... 11 
Gambar 2.3    Bentuk lintasan nyala api keluar jendela ............................................. 12 
Gambar 2.4    Bentuk nyala api dan temperatur jendela dengan tinggi 1.5 meter...... 13  
Gambar 2.5    Bentuk nyala api dan temperatur jendela dengan tinggi 2 meter ......... 13 
Gambar 2.6    Penyebaran api melalui dinding .......................................................... 14 
Gambar 2.7    Penyebaran api melalui tangga dan ruang terbuka .............................. 14 
Gambar 2.8    Penyebaran api ke bangunan yang berdekatan .................................... 15 
Gambar 2.9    Lapis perkerasan dengan fasilitas belokan .......................................... 16 
Gambar 2.10  Lapis perkerasan .................................................................................. 17 
Gambar 2.11  Penempatan detektor panas pada langit-langit datar ........................... 20 
Gambar 2.12  Penempatan detektor dari lubang udara masuk ................................... 22 
Gambar 2.13  Penempatan detektor pada langit-langit dalam balok-balok ................ 22 
Gambar 2.14  Pemasangan detektor asap pada atap atau langit-langit datar .............. 23 
Gambar 2.15  Pemasangan detektor gas pada atap atau langit-langit datar ............... 24 
Gambar 4.1    Peta kawasan Pasar Andir Kota Bandung ........................................... 61 
Gambar 4.2    Kebakaran pada tahun 2010................................................................. 62 
Gambar 4.3    Eksiting penempatan jenis dagangan lantai dasar ............................... 63 
Gambar 4.4    Zonasi Pasar Andir Kota Bandung ...................................................... 64 
Gambar 4.5    Denah lantai basement ......................................................................... 65 
Gambar 4.6    Denah lantai dasar................................................................................ 66 
Gambar 4.7    Denah lantai 1 ...................................................................................... 67 
Gambar 4.8    Denah lantai 2 ...................................................................................... 68 
Gambar 4.9    Denah lantai 3 atau rooftop.................................................................. 69 
Gambar 4.10  Titik-titik sumber rawan bahaya kebakaran lantai basement .............. 71 
Gambar 4.11  Titik-titik sumber rawan bahaya kebakaran lantai dasar ..................... 72 
Gambar 4.12  Titik-titik sumber rawan bahaya kebakaran lantai 1............................ 73 










































Gambar 4.14  Titik-titik sumber rawan bahaya kebakaran lantai 3............................ 75 
Gambar 4.15  Eksisting peletakkan ruang pompa ...................................................... 79 
Gambar 4.16  Pompa elektrikal untuk kebakaran....................................................... 82 
Gambar 4.17  Kondisi eksisting jalan lingkungan pasar ............................................ 83 
Gambar 4.18  Lebar jalan lingkungan ........................................................................ 84 
Gambar 4.19  Penempatan tiang penghalang ............................................................. 85 
Gambar 4.20  Penempatan pyllar hydrant .................................................................. 87 
Gambar 4.21  Sirkulasi lantai basement ..................................................................... 96 
Gambar 4.22  Sirkulasi lantai dasar ............................................................................ 97 
Gambar 4.23  Sirkulasi lantai 1 .................................................................................. 98 
Gambar 4.24  Sirkulasi lantai 2 .................................................................................. 99 
Gambar 4.25  Pengukuran jarak tempuh maksimum ............................................... 104 
Gambar 4.26  Penggabungan pengukuran jarak tempuh maksimum ....................... 105 
Gambar 4.27  Salah satu kios Pasar Andir Kota Bandung ....................................... 108 
Gambar 4.28  Salah satu tangga lantai 2 menuju lantai 3 ........................................ 109 
Gambar 4.29  Atap Pasar Andir Kota Bandung ....................................................... 109 
Gambar 4.30  Kondisi detektor panas lantai basement dan dasar ............................ 112 
Gambar 4.31  Kondisi detektor panas lantai 1.......................................................... 113 
Gambar 4.32  Eksisting penempatan detektor lantai basement ................................ 113 
Gambar 4.33  Eksisting penempatan detektor lantai dasar ....................................... 114 
Gambar 4.34  Eksisting penempatan detektor lantai 1 ............................................. 114 
Gambar 4.35  Alarm otomatis dan bel Pasar Andir Kota Bandung ......................... 120 
Gambar 4.36  Eksisting penempatan siamese connection Pasar Andir Kota   
Bandung ............................................................................................ 122 
Gambar 4.37  Titik-titik eksisting penempatan APAR lantai basement .................. 123 
Gambar 4.38  Titik-titik eksisting penempatan APAR lantai dasar ......................... 124 
Gambar 4.39  Titik-titik eksisting penempatan APAR lantai 1 ................................ 125 
Gambar 4.40  Titik-titik eksisting penempatan APAR lantai 2 ................................ 126 
Gambar 4.41  Penempatan eksisting hidran gedung lantai basement....................... 132 
Gambar 4.42  Penempatan eksisting hidran gedung lantai dasar ............................. 132 
Gambar 4.43  Penempatan eksisting hidran gedung lantai 1 .................................... 133 
Gambar 4.44  Penempatan eksisting hidran gedung lantai 2 .................................... 133 
Gambar 4.45  Penempatan eksisting hidran gedung lantai 3 atau rooftop ............... 134 












































Gambar 4.47  Penempatan eksisting titik sprinkler pada lantai dasar ...................... 140 
Gambar 4.48  Penempatan titik eksisting sprinkler pada lantai 1 ............................ 141 
Gambar 4.49  Penempatan eksisting titik sprinkler pada lantai 2 ............................ 142 
Gambar 4.50  Penempatan dan kondisi ruang genset Pasar Andir Kota Bandung ... 148 
Gambar 4.51  Kondisi dan penempatan eksisting ruang panel dan CCTV .............. 149 
Gambar 4.52  Petunjuk arah jalan keluar Pasar Andir Kota Bandung ..................... 150 
Gambar 4.53  Eksisting petunjuk eksit pada pintu 5 lantai basement ...................... 151 
Gambar 4.54  Petunjuk eksit dengan arah tak menentu eksisting lantai basement .. 151 
Gambar 4.55  Penempatan eksisting petunjuk arah jalan keluar lantai basement .... 152 
Gambar 4.56  Penempatan eksisting petunjuk arah jalan keluar lantai dasar........... 153 
Gambar 4.57  Petunjuk eksit dengan arah tak menentu eksisting lantai basement .. 154 
Gambar 4.58  Penempatan eksisting petunjuk arah jalan keluar lantai 1 ................. 154 
Gambar 4.59  Penempatan eksisting petunjuk arah jalan keluar lantai 1 ................. 155 
Gambar 4.60  Penempatan eksisting petunjuk arah jalan keluar lantai 2 ................. 156 
Gambar 4.61  Pintu harmonika pada tangga ............................................................ 161 
Gambar 4.62  Bukaan jendela pada tangga .............................................................. 162 
Gambar 4.63  Bukaan pada tampak bangunan ......................................................... 162 
Gambar 4.64  Bukaan dengan besi tralis .................................................................. 163 
Gambar 4.65  Bukaan ventilasi dibawah balok lantai 1 dan 2 ................................. 163 
Gambar 4.66  Area parkir tambahan di lantai 3 atau rooftop ................................... 167 
Gambar 4.67  Rekomendasi penempatan tandon di lantai dasar .............................. 168 
Gambar 4.68  Rekomendasi desain tandon di lantai dasar ....................................... 168 
Gambar 4.69   Rekomendasi desain lapis perkerasan dan peletakkannya ................ 170 
Gambar 4.70   Rekomendasi pengadaan hidran pillar tambahan dan kotak hidran .. 172 
Gambar 4.71   Rekomendasi desain titik kumpul ..................................................... 174 
Gambar 4.72  Jarak penglihatan dan ukuran tanda petunjuk keselamatan 
kebakaran .......................................................................................... 175 
Gambar 4.73  Rekomendasi desain jalur sirkulasi ketika pemadaman listrik .......... 175 
Gambar 4.74  Zona sirkulasi sarana penyelamatan lantai basement  ....................... 177 
Gambar 4.75  Rekomendasi jalur sirkulasi dan petunjuk jalan keluar lantai 
basement ........................................................................................... 178 
Gambar 4.76  Zonasi sirkulasi sarana penyelamatan pada lantai dasar.................... 179 
Gambar 4.77  Rekomendasi jalur sirkulasi dan petunjuk jalan keluar lantai 










































Gambar 4.78   Zona sirkulasi sarana penyelamatan pada lantai 1 ............................ 181 
Gambar 4.79  Rekomendasi jalur sirkulasi dan petunjuk jalan keluar lantai 1 ........ 182 
Gambar 4.80  Zona sirkulasi sarana penyelamatan pada lantai 2 ............................. 183 
Gambar 4.81  Rekomendasi jalur sirkulasi dan petunjuk jalan keluar lantai 2 ........ 184 
Gambar 4.82  Rekomendasi pengadaan tangga darurat ........................................... 185 
Gambar 4.83  Rekomendasi penambahan penandaan tingkatan lantai .................... 186 
Gambar 4.84  Rekomendasi desain APAR ............................................................... 190 
Gambar 4.85  Rekomendasi peletakkan APAR lantai basement.............................. 191 
Gambar 4.86  Rekomendasi peletakkan APAR lantai dasar .................................... 192 
Gambar 4.87  Rekomendasi peletakkan APAR lantai 1 ........................................... 192 
Gambar 4.88  Rekomendasi peletakkan APAR lantai 2 ........................................... 193 
Gambar 4.89  Rekomendasi penandaan siamese connection ................................... 195 
Gambar 4.90  Rekomendasi peletakkan titik panggil manual dan alarm lantai 
basement ........................................................................................... 198 
Gambar 4.91  Rekomendasi peletakkan titik panggil manual dan alarm lantai 
dasar .................................................................................................. 199 
Gambar 4.92   Rekomendasi peletakkan titik panggil manual dan alarm lantai 1 ... 199 
Gambar 4.93   Rekomendasi peletakkan titik panggil manual dan alarm lantai 2 ... 200 
Gambar 4.94   Konsep pengendalian dan pembuangan asap ................................... 202 
Gambar 4.95   Rekomendasi peletakkan exhaust fan lantai basement ..................... 202 
Gambar 4.96   Rekomendasi peletakkan exhaust fan lantai dasar............................ 203 
Gambar 4.97   Rekomendasi peletakkan exhaust fan lantai 1 .................................. 203 
Gambar 4.98   Rekomendasi peletakkan exhaust fan lantai 2 .................................. 204 
Gambar 4.99   Rekomendasi peletakkan genset tambahan ...................................... 206 
Gambar 4.100  Rekomendasi peletakkan cahaya darurat baterai di ruang tangga ... 207 
Gambar 4.101  Rekomendasi pembuangan asap pada ruang tangga ........................ 210 
Gambar 4.102  Rekomendasi pengadaan dinding pemisah (kompartemen) pada 
tangga ............................................................................................. 210 
Gambar 4.103  Perlindungan bukaan vertikal berupa penutup pintu tahan api ........ 210 
Gambar 4.104  Perlindungan bukaan vertikal atrium berupa tirai penghalang 
asap ................................................................................................. 211 
Gambar 4.105  Penyetop api pada pipamelewati dinding dinding ........................... 211 
Gambar 4.106  Penyetop api pada kabel tray melewati dinding .............................. 211 








































3DVDU WUDGLVLRQDO VHEDJDL EDQJXQDQ SXEOLN GDQ WHPSDW EHULQWHUDNVLQ\D SHPEHOL GDQ
SHQMXDO VHODOX GLWDQGDLGHQJDQDGDQ\DDNWLYLWDVWDZDUPHQDZDUEDUDQJNRPRGLWLWHQWXQ\D




SDGDKDO DSDELOD PHUXMXN SDGD 3HUDWXUDQ 0HQWHUL 38 3570 EDQJXQDQ SDVDU
WUDGLVLRQDO KDUXV GLOHQJNDSL SURWHNVL NHEDNDUDQ PXODL GDUL DZDO SHUHQFDQDDQ KLQJJD
SHPHOLKDUDDQEDQJXQDQ
7LGDN DGDQ\D SURWHNVL NHEDNDUDQ SDGD SDVDU WUDGLVLRQDO VHODLQ GDSDWPHQJDNLEDWNDQ
NHEDNDUDQ VXOLW XQWXN GLSDGDPNDQ MXJD PHQJDNLEDWNDQ NHUXJLDQ SDGD PDWHULDO DWDXSXQ
LPPDWHULDO NRUEDQ MLZD\DQJ WLQJJL+DO LQLGLSHUSDUDKGHQJDQNRQGLVL ILVLNSDVDU\DQJ






3DVDU $QGLU 7UDGH &HQWHU %DQGXQJ WHUOHWDN GL -DODQ :DULQJLQ 1R &LUR\RP
.HFDPDWDQ $QGLU .RWD %DQGXQJ -DZD %DUDW 3DVDU $QGLU 7UDGH &HQWHU %DQGXQJ
PHUXSDNDQVDODKVDWXSDVDU\DQJUDPDLGLNXQMXQJLNRQVXPHQNDUHQDVHODLQPHPLOLNLKDUJD
\DQJ PXUDK SURVHV MXDOEHOL SXQ PDVLK ELVD GHQJDQ WDZDUPHQDZDU
KWWSZZZZLVDWDEGJFRPGLDNVHVWDQJJDO-XQL
.HEDNDUDQ \DQJ WHUMDGLSDGD3DVDU$QGLU .RWD%DQGXQJSDGDKDUL.DPLV WDQJJDO
'HVHPEHUSXNXO:,%GLVHEDENDQROHKNRQVOHWLQJOLVWULNGLWHQJDKPDODPKDUL





















 ODQWDL LQL ]RQDVL SHQHPSDWDQDQ EDUDQJ NRPRGLWLQ\DPHQMDGL OHELK EDLN GLEDQGLQJNDQ
VHEHOXPQ\D KDOLQLGDSDWWHUOLKDWGDULSHQJHORPSRNNDQEDUDQJ\DQJGLWHPSDWNDQSHUODQWDL
3DGD ODQWDLVHPLEDVHPHQWKLQJJD ODQWDLHPSDWNRPRGLWL\DQJGLMXDOPHUXSDNDQEDUDQJ
EDUDQJ WHNVWLO NHFXDOL SDGD ODQWDL GDVDU \DQJ VHEDJLDQ PHQMXDO NHEXWXKDQ UXPDK WDQJJD
VHSHUWLVD\XUDQPLQ\DNGDJLQJEXPEXEXPEXGDQODLQQ\DGDQODQWDLOLPDGLSHUXQWXNNDQ
VHEDJDLDUHDVHUYLVEDJLSHQJXQMXQJ GDQNDQWRUSHQJHOROD
1DPXQ SHQDWDDQ EDUDQJ SHGDJDQJ GDQ SHQDWDDQ NRULGRU PDVLK PHQMDGL VHEXDK
SHNHUMDDQUXPDKXQWXNSHQJHORODSDVDU+DOLQLGLSHUNXDWGHQJDQDGDQ\DWXQWXWDQGDULSLKDN
SHGDJDQJ NHSDGD 3' 3DVDU PHQJHQDL SHQDWDDQ SHGDJDQJ SHQDWDDQ NRULGRU DVXUDQVL
NHEDNDUDQ DVXUDQVL NHEDQMLUDQ DVXUDQVL EDUDQJ GDQ XML NHOD\DNDQ JHGXQJ \DQJ EHOXP
GLSHQXKLKWWSVEDQGXQJPHUGHNDFRPGLDNVHVWDQJJDO)HEUXDUL




%DQGXQJ XQWXN PHQLPDOLVLVLU NHEDNDUDQ GDQ NHUXJLDQ \DQJ GLWLPEXONDQ WHUXWDPD SDGD
SURWHNVL SDVLI GDUL VHJL DVSHN DUVLWHNWXUDO NDUHQD PHQJHWDKXL EDKZD ELD\D DZDO GDQ





































 9DULDEHO \DQJ GLLGHQWLILNDVL DGDODK VLVWHP SURWHNVL NHEDNDUDQ GDQ PDQDMHPHQ
SURWHNVLNHEDNDUDQ JHGXQJ SDGDEDQJXQDQ








 8QWXNPHQJHWDKXLPDQDMHPHQ SURWHNVL NHEDNDUDQJHGXQJ 3DVDU$QGLU%DQGXQJ




D 0HPEHULNDQ ZDZDVDQ GDQ SHQJHWDKXDQ WHQWDQJ VLVWHP SURWHNVL NHEDNDUDQ GDQ
PDQDMHPHQ SURWHNVL NHEDNDUDQ JHGXQJ SDVDU WHUKDGDS EDKD\D NHEDNDUDQ \DQJ
VHVXDLGHQJDQDWXUDQVWDQGDU
E 0HPEHULNDQ ZDZDVDQ GDQ SHQJHWDKXDQ WHQWDQJ FDUD PHQLODL WLQJNDW NHDQGDODQ
































SHQ\XVXQDQ ODSRUDQ VNULSVL VHUWD EHEHUDSD SHQHOLWLDQ WHUGDKXOX \DQJ EHUKXEXQJDQ
GHQJDQSHQHOLWLDQGDQNHUDQJNDWHRUL
%$%,,,0(72'(3(1(/,7,$1










%DE LQLEHULVLNDQ NHVLPSXODQGDQVDUDQDWDX VROXVL WHQWDQJKDVLODQDOLVLVGHVNULSVL
GDQSHPEDKDVDQWHQWDQJSHQLODLDQ WLQJNDW NHDQGDODQNHVHODPDWDQNHEDNDUDQEDQJXQDQ























GL ,QGRQHVLD EHOXP PHPLOLNL
XQVXUSURWHNVLNHEDNDUDQ





 3DVDU$QGLU EHOXPPHPLOLNL XQVXU
SURWHNVLNHEDNDUDQ\DQJOHQJNDS
 .HEDNDUDQ SDVDU DQGLU
PHQJKDQJXVNDQ  NLRV GL ODQWDL
VDWXGDQWRWDONHUXJLDQPHQFDSDL
PLOL\DU
















































0HQXUXW 3HUDWXUDQ 3UHVLGHQ 5HSXEOLN ,QGRQHVLD 1R  WDKXQ  3DVDO 
PHQ\HEXWNDQ EDKZD SDVDU WUDGLVLRQDO DGDODK SDDVU \DQJ GLEDQJXQ GDQ GLNHOROD ROHK





































 3DVDU ,QGXNPHUXSDNDQ SXVDW SHQJXPSXODQ GDQ SXVDW SHQ\LPSDQDQ EDKDQ
EDKDQSDQJDQVHPHQWDUDXQWXNGLVDOXUNDQNHSDVDUODLQQ\D
 3DVDU *URVLU PHUXSDNDQ SDVDU \DQJ PHOD\DQL SHUPLQWDDQ GDQ SHQDZDUDQ
EDUDQJNRPRGLWLGDODPMXPODKEHVDU






SHULQJDWDQ KDULKDUL EHVDU GDQ NHJLDWDQ ODLQ \DQJ GDSDW PHQJXQGDQJ
PDV\DUDNDWXPXP
3DVDU WUDGLVLRQDO DWDX SDVDU UDN\DW GLNODVLILNDVLNDQPHQMDGL  HPSDW WLSH PHQXUXW
3HUDWXUDQ0HQWHUL 3HUGDJDQJDQ5HSXEOLN ,QGRQHVLD1R 0'$*3(5 WHQWDQJ
SHGRPDQSHPEDQJXQDQGDQSHQJHORODDQVDUDQDSHUGDJDQJDQ\DLWX
D 7LSH$SDVDUUDN\DWGHQJDQ RSHUDVLRQDOSDVDUKDULDQ MXPODKSHGDJDQJOHELKGDUL
 RUDQJGDQDWDXOXDVODKDQSDOLQJVHGLNLWPHWHUSHUVHJL
E 7LSH%SDVDUUDN\DWGHQJDQRSHUDVLRQDOOHELKGDULKDULGDODPVHPLQJJXMXPODK








































.HEDNDUDQ VHFDUD VHGHUKDQD GDSDW GLGHILQLVLNDQ VHEDJDL SHULVWLZD EHUODQJVXQJQ\D
Q\DODDSLSDGDVLWXDVLZDNWXGDQORNDVL\DQJWLGDNGLNHKHQGDNLEHUVLIDWVXNDGLNHQGDOLNDQ
GDQPHQLPEXONDQNHUXJLDQDWDXNHUXVDNDQ
'HILQLVL NHEDNDUDQ PHQXUXW 1)3$ 1DWLRQDO )LUH 3URWHFWLRQ $VVRFLDWLRQ 
PHUXSDNDQSHULVWLZDRNVLGDVL\DQJGLDNLEDWNDQROHKSHUWHPXDQEXDKXQVXU\DLWXEDKDQ
\DQJPXGDKWHUEDNDURNVLJHQ\DQJWHUGDSDWGLXGDUDGDQ SDQDV\DQJGDSDWPHQLPEXONDQ





3DQDV PHUXSDNDQ VHEXDK VXPEHU VXKX SHQ\DODDQ XQWXN PHQGXNXQJ WHUMDGLQ\D
NHEDNDUDQVHSHUWLSDQDVPDWDKDULDUXVOLVWULNJHVHNDQUHDNVLNLPLDHNVRWHUPLVJDV\DQJGL
NRPSUHVL DSL ODVSRWRQJSHUFLNDQDSL OLVWULNQ\DOD WHUEXNDSHUPXNDDQ\DQJSDQDVGDQ
ODLQQ\D2NVLJHQPHUXSDNDQVHQ\DZDSHPEDNDU\DQJWHUGDSDWYROXPHGLXGDUDEHEDV



















6HPHQWDUD LWX EDKDQ EDNDU DGDODK VXDWX EDKDQ DWDX PDWHULDO \DQJ GDSDW PHQGXNXQJ
WHUMDGLQ\DDSLNHEDNDUDQELDVDQ\DEHUZXMXGSDGDWFDLUGDQJDV




.ODVLILNDVL NHEDNDUDQ PHUXSDNDQ SHQJJRORQJDQ MHQLV EDKDQ \DQJ WHUEDNDU XQWXN



































6XPEHU 1DWLRQDO)LUH3URWHFWLRQ$VVRFLDWLRQ  
E .ODVLILNDVL,QGRQHVLD
0HQXUXW 3HUDWXUDQ 0HQWHUL 7HQDJD .HUMD GDQ 7UDQVPLJUDVL 1R 0(1














































6XPEHU 3HUPHQ 7HQDJD.HUMDGDQ7UDQVPLJUDVL 
%HUGDVDUNDQNODVLILNDVLWHUVHEXW3DVDU$QGLU%DQGXQJWHUPDVXNNHGDODPNODVLILNDVL$
\DQJGDSDWGLVHEDENDQROHK EDUDQJNRPRGLWLSDVDU\DQJVHEDJLDQEHVDUWHUEXDWGDULNDLQGDQ






6HSHUWLSDGD*DPEDUWDKDS± WDKDSWHUMDGLQ\DNHEDNDUDQ PHPLOLNLWDKDS \DLWX
D 7DKDS3HQ\DODDQ
5HDNVL WLJD XQVXU \DLWX SDQDV EDKDQEDNDU GDQ RNVLJHQ0DND WHUEHQWXNODK DSL






























SDOLQJ SDQDV GDQ SDOLQJ EHUEDKD\D ELOD WHUSHUDQJNDS GL GDODPQ\D 3HPDGDPDQ
GLODNXNDQ GHQJDQ SHUDODWDQ SHPDGDP ROHK SHPDGDP NHEDNDUDQ %DKDQ EDQJXQDQ
SHQJDUXKSDGDNHWDKDQDQDSLSHQJXUXQJDQDSLGDQPHQFHJDKNHUXQWXKDQVWUXNWXU
G 7DKDS6XUXW
0HPEXWXKNDQZDNWXSDOLQJODPDGDUL WDKDSODLQ WHUMDGLSHQXUXQDQNDGDU RNVLJHQ





























































GDSDW PHQ\HEDU NH ODQWDLODQWDL DWDVQ\D GDQ PXGDK PDVXN NH GDODP UXDQJDQ GHQJDQ
PHUDPEDWPHODOXLEDUQDJEDUDQJPXGDKWHUEDNDUGHNDWMHQGHOD
3DUDPHWHUSHQHQWXDQSHQ\HEDUDQDSLNHODQWDLDWDVQ\DPHODOXLMHQGHODGDSDWGLWHQWXNDQ
GHQJDQ UXPXV HPSLULV \DQJ GLWHPXNDQ ROHK <RNRL  GDQ GLNHPEDQJNDQ ROHK
2OH]NLHZLF]SDGDWDKXQVHEDJDLEHULNXW












































.HEDNDUDQ SDGD %DQJXQDQ *HGXQJ GDQ /LQJNXQJDQ DGDODK VLVWHP \DQJ WHUGLUL DWDV
SHUDODWDQ NHOHQJNDSDQ GDQ VDUDQD EDLN \DQJ WHUSDVDQJ PDXSXQ SDGD EDQJXQDQ \DQJ
GLJXQDNDQEDLNXQWXNWXMXDQVLVWHPSURWHNVLDNWLIVLVWHPSURWHNVLSDVLIPDXSXQFDUD± FDUD
SHQJHORODDQ  GDODP UDQJND PHOLQGXQJL EDQJXQDQ GDQ OLQJNXQJDQQ\D WHUKDGDS EDKD\D
NHEDNDUDQ
6LVWHPSURWHNVLNHEDNDUDQGLJXQDNDQXQWXNPHQGHWHNVLGDQPHPDGDPNDQNHEDNDUDQ





WHUEXND GDQ VHEDJDLQ\D GDODP UDQJND PHQFHJDK GDQ PHPLQLPDVL EDKD\D NHEDNDUDQ
3HUDWXUDQ0HQWHUL3HNHUMDDQ8PXP1R3570
D 6XPEHU$LU


























௔ܸ௜௥ି௞௘௕௔௞௔௥௔௡ ൌ ௔ܸ௜௥ି௦௣௥௜௡௞௟௘௥ ൅ ௔ܸ௜௥ି௛௜ௗ௥௔௡««««««««««
GHQJDQ
௔ܸ௜௥ି௞௘௕௔௞௔௥௔௡ ൌ      OLWHU
௔ܸ௜௥ି௦௣௥௜௡௞௟௘௥ ൌ     OLWHU





0HQXUXW 3HUPHQ 381R  7DKXQ  GDQ 61,  7DKXQ  VHWLDS
EDQJXQDQ \DQJPHPLOLNL NHWLQJJLDQ ODQWDLPHOHELKL PHWHU GDUL SHUPXNDDQ WDQDK
PDNDGLV\DUDWNDQXQWXNPHQ\HGLDNDQ ODSLV SHUNHUDVDQXQWXN DUHDRSHUDVLRQDOPRELO
SHPDGDPNHEDNDUDQ\DQJGDSDWGLFDSDLSDGDMDUDNPDNVLPDOPHWHUGDULMDOXUPDVXN
PRELO SHPDGDPNHEDNDUDQ DSDELODPHOHELKL PHWHU KDUXV GLEHUL IDVLOLWDV EHORNDQ



























0HQXUXW 3HUPHQ 38 1R  7DKXQ  XQWXN PHQJKLQGDUL SHQ\HEDUDQ DSL











0HQXUXW 3HUPHQ 38 1R 3570 KLGUDQ KDODPDQ KDUXV WHUVHGLD GL
OLQJNXQJDQEDQJXQDQXQWXNPHPEDQWXSURVHVSHPDGDPDQDSDELOD WHUMDGLNHEDNDUDQ






























VHOXUXK SHQJKXQL EDQJXQDQ JHGXQJ VHKLQJJD PHPLOLNL ZDNWX \DQJ FXNXS XQWXN
PHQ\HODPDWNDQ GLUL WDQSD WHUKDPEDW KDO ± KDO \DQJ GLDNLEDWNDQ ROHK NHDGDDQ GDUXUDW
3HUPHQ38 8QWXNPHQJHWDKXLDSDNDKVHOXUXKSHQJKXQLEDQJXQDQJHGXQJGDSDW
PH\HODPDWNDQ GLUL GDODP ZDNWX FXNXS PDND SHUOX GLNHWDKXL WHUOHELK GDKXOX NDSDVLWDV
EHEDQKXQLDQ GDQ MXPODKGDQOHEDUSLQWXDWDXWDQJJDSDGDVXDWXODQWDL
.DSDVLWDV EHEDQ KXQLDQ PHQXUXW 3HUPHQ 38 7DKXQ  DGDODK NDSDVLWDV PDNVLPDO



























6HWHODKGLNHWDKXLEHEDQKXQLDQGDSDWGLNHWDKXL NHVHVXDLDQ MXPODK OHEDU WDQJJDGDQ
SLQWXNHOXDU\DQJGLPLOLNLXQWXNGDSDWPHOD\DQLNDSDVLWDVEHEDQKXQLDQGHQJDQZDNWX\DQJ
FXNXSPHQLWGHQJDQSHUVDPDDQPHQXUXW5DPOL































NH OXDUEHEDVKDPEDWDQGDQULQWDQJDQPHQXMX MDODQXPXPDWDXUXDQJ WHUEXND-DUDN
WHPSXKPDNVLPDO GDUL VHOXUXK UXDQJDQPHQXMX WHPSDW \DQJ DPDQ XQWXN EDQJXQDQ
SHUGDJDQJDQ \DQJ VXGDK DGD GHQJDQ VSULQNOHU DGDODKPGDQELOD WDQSD VSULQNOHU
DGDODKP/HEDUPLQLPDOMDODQNHOXDUDGDODKPHWHUGDQMXPODKMDODQNHOXDUPLQLPDO
EXDKGHQJDQWLQJJLHIHNWLIPHWHU



































0HQXUXW  3HUDWXUDQ 0HQWHUL 3HNHUMDDQ 8PXP 1R357 6LVWHP SURWHNVL









GDSDW GLJRORQJNDQ EHEHUDSD MHQLV \DLWX GHWHNWRU SDQDV GHWHNWRU DVDS GHWHNWRU JDV
GHWHNWRUQ\DODDSLGDQGHWHNWRUNHEDNDUDQODLQQ\D
 'HWHNWRU SDQDV KHDW GHWHFWRU DGDODK GHWHNWRU \DQJ EHNHUMD EHUGDVDUNDQ
SHQJDUXKSDQDVSDGDWHPSHUDWXUWHUWHQWX7LSHGHWHNWRUSDQDVGLEDJLPHQMDGL
WLJDEHUGDVDUNDQFDUDNHUMDQ\D \DLWX IL[HG WHPSHUDWXUHGHWHFWRU UDWHRI ULVH
525 FRPELQDWLRQ GHWHFWRU )L[HG WHPSHUDWXUH DGDODK GHWHNWRU
EHUWHPSHUDWXUH WHWDS \DQJEHNHUMDSDGD VXDWXEDWDVSDQDV WHUWHQWXELDVDQ\D
GLWHPSDWNDQ GL GDSXU 5DWH RI ULVH 525 DGDODK GHWHNWRU \DQJ EHNHUMD
EHUGDVDUNDQNHFHSDWDQNHQDLNDQWHPSHUDWXUVHPHQWDUDFRPELQDWLRQGHWHFWRU




































































































5HQGDK ±  'LEDZDKQRO 7DN%HUZDUQD
%LDVD ±  3XWLK
6HGDQJ ±  %LUX













































 8QWXN ODQJLWODQJLW \DQJ WHUEDJLEDJL GDODP EDORNEDORN SHPDVDQJDQ






















 7LDSUXDQJDQGHQJDQOXDV ODQWDLPGDQWLQJJL ODQJLWODQJLWPLQLPDO
PHWHUKDUXVGLSDVDQJVDWXEXDKGHWHNWRU
 'HWHNWRUDVDS VPRNHGHWHFWRU EHNHUMDEHUGDVDUNDQSHQGHWHNVLDQQ\DWHUKDGDS








 %DORNEDORN GL ODQJLWODQJLW GHQJDQ WLQJJL WLGDN OHELK GDUL  FPPDND
GLDQJJDSVHEDJDLODQJLWODQJLWUDWD
 -DUDNDQWDUDGHWHNWRUKDUXVVHVXDLGHQJDQ WLQJJL ODQJLWODQJLWGDQ IDNWRU
SHQJDOL7DEHO
 'HWHNWRU DVDS WLGDN EROHK GLSDVDQJ GDODP MDUDN NXUDQJ  PHWHU GDUL
OXEDQJXGDUDPDVXN *DPEDU





































RWRPDWLV DGD MXJD \DQJ EHUNHUMD VHFDUD PDQXDO GHQJDQ FDUD PHQHNDQ WRPERO \DQJ
EHUDGDGDODPOHPDULDWDXNRWDNDODUPEUHDNJODVV-LNDNDFD GLSHFDKPDNDWRPERO
DNDQDNWLIGDQVHJHUDPHQJHOXDUNDQVLQ\DODODUPGDQPHQJDNWLINDQVLVWHPNHEDNDUDQ
ODLQQ\D -DUDNDODUPPDQXDOWLGDNEROHKOHELKGDUL PHWHUGDULGHWHFWRU 3HUHQFDQDDQ
GDQSHPDVDQJDQVLVWHPDODUP PHQXUXW61,DGDODKVHEDJDLEHULNXW
 7HUGDSDWDODUPNHEDNDUDQ GDODPNRQGLVLEDLNVHUWDVLDS SDNDL
 3HQ\HGLDDQ VLVWHP DODUP VHVXDL GHQJDQ IXQJVL MXPODK GDQ OXDV ODQWDL
EDQJXQDQ
































6LDPHVH &RQQHFWLRQ DGDODK NRPSRQHQ \DQJ GDSDW GLWHPXNDQ SDGD VLVWHP SLSD
WHJDNEHUIXQJVLXQWXNPHQ\DPEXQJNDQ VXSODLDLU \DQJGLEHULNDQROHKPRELOSHPDGDP
NHEDNDUDQ NH VHOXUXK VLVWHP VSULQNOHU GDQ KLGUDQ \DQJ EHUDGD GL JHGXQJ 6LDPHVH




6LVWHPSHPDGDP OXDSDQPHUXSDNDQ VLVWHPSHPDGDPRWRPDWLV EHUEDKDQNKXVXV










































EDWHUDL GDQ ODLQODLQ 6XPEHU GD\D OLVWULN GDUXUDW KDUXV GLUHQFDQDNDQ GDSDW EHNHUMD




5XDQJ SXVDW SHQJHQGDOLDQ NHEDNDUDQ GLJXQDNDQ VHEDJDL SXVDW NHJLDWDQ
SHQJHQGDOLDQ \DQJEHUNDLWDQGHQJDQNHVHODPDWDQGDQNHDPDQDQSHQJKXQLEDQJXQDQ








XQWXN WHWDS WLGDN EHUNHPEDQJ XQWXN VHNXUDQJNXUDQJQ\D  PHQLW VHMDN NHSDOD
VSULQNOHUSHFDK
7HUGDSDW LQVWDODVL VSULQNOHU RWRPDWLV \DQJ GLSDVDQJ VHVXDL GHQJDQ NODVLILNDVL
EDKD\DNHEDNDUDQEDQJXQDQVHNXUDQJNXUDQJQ\DVDWXDWDXOHELKNHSDODVSULQNOHU KDUXV
WHUEXND MLND WHUMDGL NHEDNDUDQ NHSDOD VSULQNOHUPHPSXQ\DL NHSHNDDQ WHUKDGDS VXKX






















SHQHPSDWDQ GDQ SHPDVDQJDQ VSULQNOHU PHQXUXW 61,  DGDODK VHEDJDL
EHULNXW





DLU \DQJ GLSHUOXNDQ XQWXN MDULQJDQ NHSDOD VSULQNOHU GDSDW GLSHUROHK VHFDUD
HPSULULV PHQXUXWEXNX3DQGXDQ6LVWHP%DQJXQDQ7LQJJL 3HUVDPDDQ 
௔ܸ௜௥ି௦௣௥௜௡௞௟௘௥ ൌ ʹͲΨൈ σݎ݈݁݇݊݅ݎ݌ݏ ൈ ͳͺ ൈ ͵Ͳ »»»»»»ݎ݁ݐ݈݅
'HQJDQ
௔ܸ௜௥ି௦௣௥௜௡௞௟௘௥ ൌ     OLWHU
෍ݎ݈݁݇݊݅ݎ݌ݏ ൌ   
 -DUDNNHSDODVSULQNOHUNHGLQGLQJWLGDN EROHKNXUDQJGDULPHWHUXQWXNJHGXQJ




 $SDELOD SHQHPSDWDQ VSULQNOHU WLGDN EHEDV GDUL NRORP GDQ MDUDN VSULQNOHU
WHUKDGDS NRORPNXUDQJGDULPPDNDKDUXV GLWHPSDWNDQVHEXDKVSULQNOHU
WDPEDKDQ GHQJDQMDUDNPGDULVLVLNRORP\DQJ EHUODZDQDQ
 6SULQNOHUKDUXVGLWHPSDWNDQGHQJDQMDUDN VHNXUDQJNXUDQJQ\D PHWHUGDUL
EDORN












































 +LGUDQPDPSXPHQJDOLUNDQDLUPLQLPDO PHQLW9ROXPH WDQGRQDLU \DQJ
GLSHUOXNDQ XQWXN MDULQJDQ NHSDOD VSULQNOHU GDSDW GLSHUROHK VHFDUD HPSULULV
PHQXUXWEXNX3DQGXDQ6LVWHP%DQJXQDQ7LQJJL3HUVDPDDQ
௔ܸ௜௥ି௛௜ௗ௥௔௡ ൌ σ݄݅݀݊ܽݎ ൈ ͶͲͲ ൈ ͵Ͳ »»»»»»»»»»»ݎ݁ݐ݈݅
GHQJDQ
௔ܸ௜௥ି௛௜ௗ௥௔௡ ൌ     OLWHU
σ݄݅݀݊ܽݎ ൌ    OLWHU
 +LGUDQ KDODPDQ PHPSXQ\DL VDPEXQJDQ NHPEDU \DQJ VHVXDL GHQJDQ
VDPEXQJDQPRELOSHPDGDPNHEDNDUDQ
 3HPDVDQJDQKLGUDQPDNVLPDOIHHWPGDULXQLW\DQJWHUOLQGXQJL
 -XPODK KLGUDQ XQWXN EDQJXQDQ NHODV  DGDODK VDWX EXDK XQWXN  P
VHPHQWDUDXQWXNEDQJXQDQNHODVDGDODKVDWXEXDKXQWXNP
P $3$5
$3$5 DGDODK DODW \DQJ ULQJDQ VHUWD PXGDK GLOD\DQL ROHK VDWX RUDQJ XQWXN
PHPDGDPNDQDSLSDGDPXODWHUMDGLNHEDNDUDQ$3$5EHUVLIDWSUDNWLVGDQPXGDK FDUD





















3HPDVDQJDQ $3$5 PHQXUXW 3HUDWXUDQ 0HQWHUL 3HNHUMDDQ 8PXP 1R






VHSDQMDQJ MDOXU NHOXDU GDQ H[LW VHUWD GLOHQJNDSL GHQJDQ SHWXQMXN
SHQJJXQDDQQ\DVHVXDLGHQJDQNHWHQWXDQ









 $3$5 KDUXV VHODOX GLSHOLKDUD GDODP NRQGLVL SHQXK \DQJ GLWXQMXNNDQ ROHK
MDUXPSHQXQMXNDGDSDGDSRVLVL³,6,´DWDXZDUQDKLMDX
 7HUGDSDWLQIRUPDVL\DQJGLWHPSHONDQVHEDJDLLQIRUPDVLQDPDSURGXNGDQLVL
OHPEDU GDWD NHVHODPDWDQ PDWHULDO MHQLV $3$5 GDIWDU LGHQWLILNDVL EDKDQ













































7LSH NRQVWUXNVL \DQJ NRPSRQHQ VWUXNWXUQ\D WHUEXDW GDUL EDKDQ \DQJ GDSDW
WHUEDNDU VHUWD WLGDN GLPDNVXGNDQ XQWXN PHQDKDQ VHFDUD VWUXNWXUDO WHUKDGDS
NHEDNDUDQ
'DUL NHWLJD WLSH WHUVHEXW PHQXUXW 61,  7DKXQ  %DQJXQDQ 3DVDU


















































SHPLOLN GDQ SHQJJXQD EDQJXQDQ GDODP SHODNVDQDDQ NHJLDWDQ SHQFHJDKDQ GDQ
SHQDQJJXODQJDQNHEDNDUDQSDGDEDQJXQDQJHGXQJ
0HQXUXW 3HUDWXUDQ 0HQWHUL 3HNHUMDDQ 8PXP 1R 3570 VHWLDS SHPLOOLN

























MXPODKPLQLPDORUDQJ DWDXPHPLOLNLOXDV EDQJXQDQ PLQLPDOPHWHUSHUVHJLDWDX
PHPSXQ\DL NHWLQJJLDQ EDQJXQDQ JHGXQJ OHELK GDUL  ODQWDL GLZDMLENDQ PHPLOLNL
PDQDMHPHQSHQDQJJXODQJDQNHEDNDUDQ
3DVDU $QGLU %DQGXQJ PHUXSDNDQ EDQJXQDQ SXEOLN \DQJPHPLOLNL SHQJKXQL GHQJDQ









SHQDQJJXODQJDQ NHEDNDUDQ EHUXSD 7LP 3HQDQJJXODQJDQ .HEDNDUDQ 73. \DQJ DNDQ






%LOD WHUGDSDW XQLW EDQJXQDQ OHELK GDUL VDWX PDND VHWLDS XQLW EDQJXQDQ JHGXQJ




































0HQXUXW 3HUDWXUDQ 0HQWHUL 3HNHUMDDQ 8PXP 1R 3570 WDWD ODNVDQD
RSHUDVLRQDODWDXSURVHGXUWDQJJDSGDUXUDWNHEDNDUDQPHQFDNXSNHJLDWDQSHPEHQWXNDQWLP
SHUHQFDQDDQ SHQ\XVXQDQ DQDOLVLV ULVLNR EDQJXQDQ JHGXQJ WHUKDGDS EDKD\D NHEDNDUDQ
SHPEXDWDQ GDQ SHODNVDQDDQ UHQFDQD SHQJDPDQDQ NHEDNDUDQ \DQJ PHQFDNXS UHQFDQD








'DODP VHEDJDL 6DUDQD (YDNXDVL SDGD %DQJXQDQ 3DVDU %DUX 7UDGH &HQWUH %DQGXQJ
SHQHOLWLDQLQLPHPIRNXVNDQSHUKDWLDQWHUKDGDSGHVDLQVLUNXODVLUXDQJGDODPVHEDJDLVDUDQD
HYDNXDVL3HQHOLWLDQLQLGLODNVDQDNDQGHQJDQPHQJNDMLDVSHNSHUHQFDQDDQUXDQJGDODP\DQJ
PHPHJDQJ SHUDQDQ SHQWLQJ GDODP SURVHV HYDNXDVL GL 3DVDU %DUX 7UDGH &HQWHU .RWD
%DQGXQJ
8QWXNPHQMDZDESHUPDVDODKLQLSHQHOLWLDQPHQJNDMLDVSHNDVSHNSHUHQFDQDDQ\DLWX




















JHRPHWUL GDQ NHOHQJNDSDQ DODW SHPDGDP NHEDNDUDQ PHPHJDQJ SHUDQDQ SHQWLQJ GDODP
SURVHVHYDNXDVL
.HOHELKDQSHQHOLWLDQLQLDGDODKPHQJNDMLEDKZDDVSHNDUVLWHNWXUDOPHPLOLNLSHQJDUXK
WHUKDGDS DVSHN SHQ\HOHPDWDQ NHEDNDUDQ 1DPXQ WHRUL PHQJHQDL SROD VLUNXODVL PDVLK























































'HZD *HGH  PHQHOLWL PHQJHQDL .DMLDQ 3HQLQJNDWDQ .LQHUMD 3URWHNVL 3DVLI
WHUKDGDS%DKD\D.HEDNDUDQSDGD%DQJXQDQ3DVDU7UDGLVLRQDO%HUWLQJNDW GHQJDQPHWRGH
























LQL DGDODK GHQJDQ PHQJJXQDNDQ PHWRGH HYDOXDVL GDUL 1)3$ GDQ XQWXN PHQLODL UHVLNR
SHQJKXQLPHQJJXQDNDQPHWRGH$670
3HQHOLWLDQGLODNXNDQSDGDEHEHUDSDSDVDUWUDGLVLRQDOGL%DOL\DLWX3DVDU%DGXQJ%DOL
3DVDU.UHQHQJ%DOL 3DVDU6DWU\D%DOL 3DVDU*LDQ\DU%DOL+DVLO SHQHOLWLDQPHQXQMXNDQ
EDKZDSURWHNVLSDVLISDGDSDVUWUDGLVLRQDOEHUWLQJNDWGL%DOLWHUPDVXNGDODPNDWHJRULNXUDQJ
DPDQ



























































.HEDNDUDQ 6WXGL .DVXV 3DVDU 7HNVWLO .OHZHU GHQJDQ PHWRGH HNVSORUDWLI GHVNULSWLI
3HQHOLWLDQLQLPHPIRNXVNDQSHUKDWLDQWHUKDGDSSRODWDWDUXDQJXQWXNPHQJLVROLVVXPEHUDSL
DJDUWLGDNPHUDPEDWNHVHOXUXKEDQJXQDQGHQJDQWXMXDQPHQFDULSRODWDWDUXDQJ\DQJGDSDW




















8QWXNPHQJHWDKXLNDUDNWHUEDQJXQDQGDULVHJLSHQDWDDQSROD WDWD UXDQJ\DQJ WHUNDLW
GHQJDQVLVWHPSURWHNVLGDODPEDQJXQDQ\DQJEDLNXQWXNGLWHUDSNDQSDGD3DVDU.OHZHUPDND
SHQHOLWLDQLQLPHQJJXQDNDQVWXGLNRPSDUDVLREMHN3DVDU%HVDUPDODQJ3DVDU%HULQJKDUMR
3DVDU 0D\HVWLN 3DVDU 7DQDKDEDQJ GDODP PHQJDPDWL DVSHN WDWD OHWDN PDVVD SHOHWDNDQ
VLUNXODVLGDQHQWUDQFHSHOHWDNDQHPHUJHQF\H[LWGDQODLQQ\D\DQJGLNDLWNDQGHQJDQ3HUPHQ
38 1R3570
+DVLO SHPEDKDVDQ SHQHOLWLDQ LQL DGDODK SHQ\HEDUDQ DSL GDSDW GLPLQLPDOLVLU GHQJDQ
PHPSHUKDWLNDQSROD WDWD UXDQJ WHUNDLWGHQJDQVLVWHPSURWHNVLEDQJXQDQVHSHUWL WDWD OHWDN
PDVVDOHWDNVLUNXODVLHQWUDQFHGDQHPHUJHQF\H[LW



























GDQ HQWUDQFH (PHUJHQF\ H[LW



































































































































































0HWRGH GHVNULSWLI GLJXQDNDQ XQWXN PHQGHVNULSVLNDQ NHDGDDQ NRQGLVL HNVLVWLQJ
PDQDMHPHQSURWHNVLNHEDNDUDQJHGXQJGDQNHVHVXDLDQQ\DGHQJDQSHUDWXUDQ\DQJ GLDPELO
GHQJDQ WHNQLNSHQJXPSXODQGDWDZDZDQFDUD
0HWRGH GHVNULSWLINXDQWLWDWLI GLJXQDNDQ GDODP PHQGHVNULSVLNDQ NRQGLVL HNVLVWLQJ
NRPSRQHQ VLVWHP SURWHNVL NHEDNDUDQ SDGD EDQJXQDQ JHGXQJ GDQ NHVHVXDLDQQ\D GHQJDQ
SHUDWXUDQGDQDWDXVWDQGDU\DQJEHUODNX6HODQMXWQ\D GDWDGLDQDOLVLVVHFDUDNXDQWLWDWLIXQWXN
PHPSHUROHK QLODL WLQJNDWNHDQGDODQ EDQJXQDQEHUGDVDUNDQ3G± 7± ± ± &WHQWDQJ
SHPHULNVDDQ NHVHODPDWDQNHEDNDUDQEDQJXQDQJHGXQJ
 2EMHN GDQ:DNWX 3HQHOLWLDQ
3HQHOLWLDQGLODNXNDQGL3DVDU$QGLU%DQGXQJ\DQJEHUORNDVLGL-DODQ:DULQJLQ 1R 




3HQHOLWLDQ GLODNXNDQ SDGD REMHN WHUVHEXW NDUHQD EDQJXQDQ WHUVHEXW PHUXSDNDQ
EDQJXQDQSXEOLNEHUWLQJNDWWLQJJLOHELKGDULODQWDL\DQJSHUQDKPHQJDODPLNHEDNDUDQGDQ




%HUGDVDUNDQSHUDWXUDQGDQDWDXVWDQGDU \DQJWHODKGLMDEDUNDQPDND GLGDSDWNDQ YDULDEHO



























































7DSDN +LGUDQKDODPDQ ¥ ¥ ¥





-DOXU6LUNXODVL ¥ ¥ ¥
6DUDQD 8NXUDQ3LQWX7DQJJD ¥ ¥ ¥
3HQ\HOHPDWDQ -XPODKSHQJKXQL ¥ ¥








-HQLVGDQMXPODK$3$5 ¥ ¥ &KHFNOLVW 'HVNULSWLI




















6LVWHP 0DWHULDOEDQJXQDQ ¥ ¥
3URWHNVL3DVLI .RPSDUWHPHQLVDVLUXDQJ ¥ ¥ ¥
8NXUDQEXNDDQ ¥ ¥ ¥



































6WXGL OLWHUDWXUPHQJHQDL WHRULWHRULSHUDWXUDQSHUDWXUDQPHQJHQDL NHEDNDUDQGDQDSL
VLVWHPSURWHNVLNHEDNDUDQPDQDMHPHQSURWHNVLNHEDNDUDQGDQSDVDU
 7HODDK'RNXPHQ












3HQJRODKDQ GDWD SHQHOLWLDQ LQL GLPXODL GDUL PHQJXPSXONDQ GDWD PHQJHQDL NRQGLVL
HNVLVWLQJPDQDMHPHQSURWHNVLNHEDNDUDQJHGXQJ/LKDWGDQVLVWHPSURWHNVLNHEDNDUDQ



















GLGHVNULSVLNDQ GDQ XQWXN YDULDEHO VLVWHP SURWHNVL NHEDNDUDQ GLEHUL QLODL NHVHVXDLDQQ\D
WHUKDGDS VWDQGDU NHWHQWXDQ \DQJ EHUNDLWDQ 6HWLDS VXE NRPSRQHQ SDGD VLVWHP SURWHNVL
















































3URVHGXU KDUXV GLNRRUGLQDVLNDQ GHQJDQ LQVWDVL








0HPLOLNL NHOHQJNDSDQ SURVHGXU PHQJHQDL












































7DWD&DUD2SHUDVLRQDO ,QVSHNVL YLVXDO WHUKDGDS NRPSRQHQ DODUP NHEDNDUDQ




3HPHULNVDDQ EDWHUDL FRQWURO XQLW WURXEOH HPHUJHQF\



































EHUGDVDUNDQ3G± 7± ± ± &\DLWXNHOHQJNDSDQWDSDNVDUDQDSHQ\HODPDWDQVLVWHP
SURWHNVLDNWLIGDQVLVWHPSURWHNVLSDVLI6HWLDSNRPSRQHQPHPLOLNL NULWHULDSDGDWLDSVXE
NRPSRQHQ \DQJKDUXVGLQLODLNHVHVXDLDQQ\D0HQJLQJDWNULWHULD\DQJKDUXVGLSHQXKLEHUVLIDW
NXDOLWDWLI GDQ GDVDU XNXUDQ QLODL SHQFDSDLDQ PHQJJXQDNDQ VNDOD VXEMHNWLI PDND XQWXN
PHPSHUROHK NHSXWXVDQ REMHNWLI GLJXQDNDQPHWRGH$QDOLW\FDO +LHUDUFK\ 3URFHVV $+3
\DQJPHQJKDVLONDQ ERERW WLDSNULWHULD






























.HOHQJNDSDQ WDSDN GLQLODL GHQJDQ PHQJJXQDNDQ NULWHULD VHVXDL GHQJDQ VWDQGDU GDQ
NHWHQWXDQ \DQJEHUODNXGDQSHQJHORPSRNDQ VXENRPSRQHQGLVHVXDLNDQGHQJDQ WDWD FDUD
SHPHULNVDDQ3G± 7± ± ± &WHWDSL WHUGDSDWNHVHVXDLDQGHQJDQREMHNSHQHOLWLDQ










%RERW .ULWHULD %RERW 6WDQGDU










/DSLV SHUNHUDVDQ KDUXV GLEXDW GDUL PHWDO SDYLQJ EORN































GDULKLGUDQNRWD%LODKLGUDQNRWD WLGDN WHUVHGLDDWDX OHELK






















































%RERW .ULWHULD %RERW 6WDQGDU
6XPEHU$LU 








































%RERW 9DULDEHO %RERW 6WDQGDU
7HUGDSDWVDUDQDMDODQNHOXDU\DQJGDSDW






















-DUDN WHPSXK PDNVLPDO GDUL VHOXUXK
UXDQJ PHQXMX SLQWX NHOXDU XQWXN
KXQLDQ SHUGDJDQJDQ \DQJ VXGDK DGD






6HWLDS SLQWX SDGD VDUDQD MDODQ NHOXDU


























%RERW .ULWHULD %RERW 6WDQGDU
%XNDDQSLQWXXQWXNVDUDQDMDODQNHOXDU
PLQLPDOPHPLOLNLOHEDUFPGDQMLND







7HUGDSDW WDQGD SHWXQMXN MDODQ EHUXSD
SDSDQZDUQDGDVDUKLMDXGHQJDQWXOLVDQ






'LVHGLDNDQ OREE\ EHEDV DVDS GHQJDQ















































/HEDU EHUVLK WDQJJD GDUL VHJDOD
ULQWDQJDQ  GHQJDQ WRQMRODQ SDGD DWDX







0HPLOLNL WLQJJL GDUL DQDN WDQJJD






/HEDU WDQJJD GDQ ERUGHV DQWDU WDQJJD






7LQJJL KDQGUDLOV PLQLPDO  FP GDQ





























































7HUGDSDW DNVHV SHPDGDP NHEDNDUDQ






'LEHUL WDQGD VHJLWLJD PHUDK DWDX










'LEHUL WXOLVDQ ³$.6(6 3(0$'$0
.(%$.$5$1 -$1*$1
































0HQXUXW 3HUPHQ 38 1R  7DKXQ  OLIW NHEDNDUDQ KDQ\D GLZDMLENDQ XQWXN




/LWEDQJ3HUXPDKDQGDQ3HUPXNLPDQ\DLWXWDWDFDUDSHPHULNVDDQ3G± 7± ± ± &





























'HWHNWRU KDUXV GLSDVDQJ GL VHOXUXK
UXDQJDQDSDELODGLSHUV\DUDWNDQROHK
VWDQGDU \DQJ EHUODNX DWDX \DQJ







3HQ\HGLDDQ VLVWHP GHWHNWRU VHVXDL












-DUDN DQWDUD GHWHNWRU KDUXV VHVXDL
















3HPLOLKDQ GDQ SHQHPSDWDQ MHQLV
GHWHNWRUKDUXVVHVXDLGHQJDQIXQJVL














7LDS UXDQJDQGHQJDQ OXDV ODQWDL 
PGDQWLQJJLODQJLWODQJLWPLQLPDO






7LDS UXDQJDQGHQJDQ OXDV ODQWDL 
PGDQWLQJJLODQJLWODQJLWPLQLPDO















EROHK GLSDVDQJ SDGD  MDUDN NXUDQJ
GDUL  FP GDUL GLQGLQJ GDQ WLGDN


























%RERW 9DULDEHO %RERW 6WDQGDU
-DUDN DQWDUD GHWHNWRU DVDS WLGDN
EROHK OHELK GDUL  PHWHU XQWXN
VHWLDS UXDQJDQ HIHNWLI GDQ WLGDN






=RQD GHWHNWRU KDUXV GLEDWDVL
PDNVLPDO  GHWHNWRU DVDS \DQJ












3DGD DWDS DWDX ODQJLWODQJLW GDWDU






























7HUGDSDW DODUP NHEDNDUDQ GDODP
NRQGLVLEDLNVHUWDVLDSSDNDL

3HQ\HGLDDQ VLVWHP DODUP VHVXDL



































































































7HUGDSDW $3$5 GHQJDQ MHQLV \DQJ
VHVXDLGHQJDQNODVLILNDVL NHEDNDUDQ














3HQHPSDWDQ $3$5 GDSDW GLOLKDW
GHQJDQ MHODV PXGDK WHUMDQJNDX
GLOHWDNNDQ VHSDQMDQJ MDOXU NHOXDU





















SHQJJXQDDQ WHUVHEXW DGDODK 















$3$5 \DQJ WHUOHWDN GDODP OHPDUL


















SURGXN GDQ LVL OHPEDU GDWD






























%RERW 9DULDEHO %RERW 6WDQGDU

































.RWDN KLGUDQ GDQ VDPEXQJDQ VODQJ
KDUXV WHUOHWDN WLGDNNXUDQJGDUL 








+LGUDQ KDUXV PHPSXQ\DL VHODQJ
VDPEXQJDQ VHODQJ QR]]OH
SHPDQFDU DLU NHUDQ SHPEXND














































 DGDODK VDWX EXDK XQWXN P



























%RERW 9DULDEHO %RERW 6WDQGDU
7HUGDSDWLQVWDODVLVSULQNOHURWRPDWLV
\DQJ GLSDVDQJ VHVXDL GHQJDQ
NODVLILNDVLEDKD\DNHEDNDUDQJHGXQJ
 61, 
6HWLDS ODQWDL EDQJXQDQ GLOLQGXQJL






-DUDN NHSDOD VSULQNOHU NH GLQGLQJ
WLGDN EROHK NXUDQJ GDUL  PHWHU
XQWXN JHGXQJ WLGDN GLOHQJNDSL




6SULQNOHU  ,QVWDODVLVSULQNOHUGLFDWPHUDK  61, 
$SDELODSHQHPSDWDQVSULQNOHU WLGDN
EHEDVGDULNRORPGDQMDUDNVSULQNOHU
WHUKDGDS NRORP NXUDQJ GDUL P








-DUDN PDNVLPXP DQWDU VSULQNOHU
XQWXNEDKD\DNHEDNDUDQULQJDQGDQ

























7HUGDSDW DLU KDQGOLQJ XQLW GDODP





6LVWHP SHQJHQGDOLDQ DVDS GDSDW









EHUXUXWDQ VHWHODK DNWLIQ\D GHWHFWRU
DVDS \DQJ GLWHPSDWNDQ GDODP ]RQD





'L GDODP NRPSDUWHPHQ EHUWLQJNDW
EDQ\DN V\VWHP SHQJRODKDQ XGDUD
EHURSHUDVL GHQJDQ PHQJJXQDNDQ


























%RERW 9DULDEHO %RERW 6WDQGDU















)DQ SHPEXDQJDQ $VDS PDPSX










/XDV KRUL]RQWDO UHVHUYRLU DVDS





6HWLDS UHVHUYRLU DVDS GLOD\DQL


























/LVWULN'DUXUDW  6XPEHU GD\D OLVWULN GDUXUDW KDUXV






3DVRNDQ GD\D OLVWULN GLJXQDNDQ
XQWXNPHQJRSHUDVLNDQSHQFDKD\DDQ
GDUXUDW VDUDQD NRPXQLNDVL GDUXUDW
OLI NHEDNDUDQ V\VWHP GHWHNVL GDQ
DODUPV\VWHPSLSDWHJDNGDQKLGUDQ
VSULQNOHU SHQJHQGDOLDQ DVDS SLQWX















%XNDDQ SDGD GLQGLQJ UXDQJDQ
GHQJDQ UXDQJ GDODP EDQJXQDQ
JHGXQJ KDQ\D GLEDWDVL VDWX SLQWX
YHQWLODVL GDQ OXEDQJ SHUDZDWDQ































%RERW 9DULDEHO %RERW 6WDQGDU














EDLN GDQ VHVXDL VHKLQJJD ELOD VDODK












3HOHWDNNDQ SHWXQMXN DUDK MDODQ












SDSDQ EHUWXOLVNDQ ³(;,7´ DWDX
SDQDK SHWXQMXN WXOLVDQ ³-$/$1






6HWLDS WDQGD HNVLW GLOHQJNDSL







7DQGD GLSDVDQJ GL WHPSDW \DQJ
PXGDK GLOLKDW DWDX VHSDQMDQJ MDOXU
NHOXDU GDQ PHQJDUDK SDGD WDQJJD







EHUGHNDWDQ GHQJDQ SLQWX \DQJ
PHPEHULNDQ MDODQ NHOXDU ODQJVXQJ







%LOD H[LW WLGDN WHUOLKDW VHFDUD
ODQJVXQJ GHQJDQ MHODV ROHK
SHQJKXQL KDUXV GLSDVDQJ WDQGD









0HQXUXW 3HUPHQ 38 1R  7DKXQ  OLIW NHEDNDUDQ KDQ\D GLZDMLENDQ XQWXN




































/XDV EDQJXQDQ OHELK GDUL 
PGDQ YROXPHP KDUXV
GLOHQJNDSL GHQJDQ VSULQJNOHU
GLNHOLOLQJL MDODQ PDVXN NHQGDUDDQ
GDQ DSDELOD NRPSDUWHPHQ \DQJ
PHPLOLNL WLQJJL NXUDQJ GDUL  P











7LSH .RQWUXNVL EDQJXQDQ VHVXDL














%DQJXQDQ 'LQGLQJ OXDU GLQGLQJ ELDVD GDQ
EDKDQ ODQWDL VHUWD UDQJND ODQWDL










%XNDDQ 9HUWLNDO GDUL GLQGLQJ









6DUDQD SURWHNVL SDGD EXNDDQ
3LQWX NHEDNDUDQ MHQGHOD
NHEDNDUDQSLQWXSHQDKDQDVDSGDQ
SHQXWXS DSL VHVXDL GHQJDQ VWDQGDU








WDKDQ DSL /HEDU EXNDDQ SLQWX
NHOXDU KDUXV WLGDN OHELK ò GDUL

































.ULWHULD EHUVLIDW NXDOLWDWLI GDQ GDVDU XNXUDQ QLODL SHQFDSDLDQPHQJJXQDNDQ
VNDOD VXEMHNWLI PDND XQWXN PHPSHUROHK NHSXWXVDQ REMHNWLI GLJXQDNDQ PHWRGH
$QDOLW\FDO +LHUDUFK\ 3URFHVV $+3 GHQJDQ EDQWXDQ SHUDQJNDW OXQDN ([SHUW
&KRLFH -XGJHPHQW
'DODPSHUKLWXQJDQERERWPHQJJXQDNDQPHWRGH$+3SDGDSHUDQJNDW([SHUW









































-LND WLGDN WHUSDVDQJ DWDX EHOXP PHPLOLNL VXDWX NRPSRQHQ \DQJ
GLPDNVXG
7LGDN6HVXDL  -LNDWHUGDSDWVHPXDNRPSRQHQ GDQ VHPXDQ\DEHOXPPHPHQXKLV\DUDW
.XUDQJ6HVXDL 












0HQMXPODKNDQ VNRUKDVLO SHUNDOLDQ GDUL QLODL NRQGLVL VXENRPSRQHQ.6.%
GHQJDQSUHVHQWDVHERERWGDUL.6.%
 0HQJKLWXQJ QLODL.6.%
0HQJLWXQJ QLODL NHDQGDODQ VLVWHP NHVHODPDWDQ NHEDNDUDQ EDQJXQDQ GHQJDQ
FDUDPHQMXPODKNDQQLODLNHDQGDODQGDULWLDS.6.%
 3HPERERWDQ
3HPERERWDQ SDGDPDVLQJPDVLQJ NRPSRQHQ NHFXDOL NULWHULD PHQJJXQDNDQ
































6HWHODK PHODNXNDQ SHPERERWDQ GDQ PHQHPXNDQ QLODL NHDQGDODQ VHODQMXWQ\D
GLODNXNDQ LQWHUSUHWDVLPDNQD ILVLN EDLN FXNXS NXUDQJ GDUL NRQGLVL NHDQGDODQ

















6HPXD NRPSRQHQ VLVWHP SURWHNVL
NHEDNDUDQ VLVWHP SURWHNVL DNWLI VLVWHP
SURWHNVLSDVLIVDUDQSHQ\HODPDWDQWDSDN
EHUIXQJVL VHPSXUQD VHKLQJJD JHGXQJ
GDSDWGLJXQDNDQVHFDUDRSWLPXPGLPDQD













6HPXD NRPSRQHQ VLVWHP SURWHNVL
NHEDNDUDQ VLVWHP SURWHNVL DNWLI VLVWHP
SURWHNVLSDVLIVDUDQSHQ\HODPDWDQWDSDN
PDVLK EHUIXQJVL EDLN WHWDSL DGD VXE
NRPSRQHQXWLOLWDV\DQJEHUIXQJVLNXUDQJ
VHPSXUQD NDGDQJNDGDQJ PHQLPEXONDQ
JDQJJXDQ DWDX NDSDVLWDVQ\D NXUDQJ GDUL
\DQJGLWHWDSNDQGDODPGHVDLQVSHVLILNDVL





























6HPXD NRPSRQHQ VLVWHP SURWHNVL
NHEDNDUDQ VLVWHP SURWHNVL DNWLI VLVWHP
SURWHNVLSDVLIVDUDQSHQ\HODPDWDQWDSDN
DGD \DQJ UXVDNWLGDN EHUIXQJVL
NDSDVLWDVQ\DMDXKGLEDZDKGDULQLODL\DQJ
GLWHWDSNDQ GDODP GHVDLQVSHVLILNDVL
VHKLQJJD NHQ\DPDQDQ GDQ IXQJVL UXDQJ
GDQDWDX JHGXQJ PHQMDGL VDQJDW










'DODP SHQHOLWLDQ \DQJ EHUVLIDW NXDOLWDWLI LQL GLODNXNDQ VXDWX XSD\D XQWXN PHQMDJD
YDOLGLWDVGDWD\DLWX GHQJDQPHODNXNDQWULDQJXODVLPHWRGHGDQWULDQJXODVLGDWD
 7ULDQJXODVL0HWRGH














































VLVWHP SURWHNVL NHEDNDUDQ VHVXDL GHQJDQ SHGRPDQ WDWD FDUD SHPHULNVDDQ NHVHODPDWDQ





























3DVDUGHQJDQ OXDV WDQDKNXUDQJ OHELKP LQL WHUOHWDNGL-DODQ:DULQJLQ1R
.HFDPDWDQ$QGLU.RWD%DQGXQJGHQJDQEDWDVDQILVLNVHEDJDLEHULNXW
D 6HEHODK8WDUD 5XNRSHUPXNLPDQ





%HUGDVDUNDQ KDVLO ZDZDQFDUD GHQJDQ SLKDN SHQJHOROD 3DVDU $QGLU .RWD %DQGXQJ
PHUXSDNDQ NHSHPLOLNNDQ 3HUXVDKDDQ 'DHUDK 3' 3DVDU 3HPHULQWDK .RWD %DQGXQJ
3HPNRW%DQGXQJ3DGDWDKXQ3'3DVDU%HUPDUWDEDWUHVPLPHQMDGLSHQJHOROD3DVDU
























3HPEDQJXQDQ 3DVDU $QGLU .RWD %DQGXQJ GLUHVPLNDQ SDGD EXODQ 0DUHW 
3HUHVPLDQ GLWDQGDL ROHK SHOHWDNNDQ EDWX SHUWDPD ROHK ZDOLNRWD VDDW LWX 'L EDZDK









PDVLK PHQ\DOD VHKLQJJD NRQVOHW OLVWULN PHUHPEHW GDQ PHPEXDW WLWLNWLWLN DSL EDUX



























%HUGDVDUNDQ KDVLO ZDZDQFDUD GHQJDQ SLKDN SHQJHOROD MXPODK WRWDO SHGDJDQJ 3DVDU
$QGLU.RWD%DQGXQJ DGDODK  GHQJDQ ULQFLDQ ODQWDL EDVHPHQW SHGDJDQJ ODQWDL
GDVDU  SHGDJDQJ ODQWDL VDWX  SHGDJDQJ GDQ ODQWDL GXD  SHGDJDQJ 6HPHQWDUD
MXPODKNLRVNHVHOXUXKDQNLRVGDQORV GHQJDQULQFLDQ ODQWDLEDVHPHQWNLRVODQWDL
GDVDUNLRVODQWDLVDWX NLRVGDQODQWDLGXDNLRV
-HQLV NRPRGLWL \DQJ GLMXDO DGDODK MHQLV WHNVWLO SDNDLDQ VHSDWX GDQ WDV SHUKLDVDQ
SHUDODWDQ PHPDVDN GDQ NRPRGLWL NHEXWXKDQ UXPDK WDQJJD VHKDULKDUL VHSHUWL EXPEX
EXPEXGDSXUVD\XUDQEXDKEXDKDQ ODXNSDXN -HQLVGDJDQJDQ\DQJDGDGL3DVDU$QGLU




































0HQXUXW 3HUDWXUDQ0HQWHUL 3HNHUMDDQ 8PXP1R 3570 EDQJXQDQ 3DVDU
$QGLU .RWD %DQGXQJ WHUPDVXN NH GDODP NODVLILNDVL EDQJXQDQ NHODV  NDUHQD IXQJVLQ\D
VHEDJDLEDQJXQDQSHUGDJDQJDQ0HQXUXW3HUDWXUDQ0HQWHUL3HNHUMDDQ8PXP1R7DKXQ
NODVLILNDVL EDQJXQDQ3DVDU$QGLU.RWD%DQGXQJ WHUPDVXNGDODPDQJNDNODVLILNDVL
UHVLNR EDKD\D NHEDNDUDQ  $QJND NODVLILNDVL LQL KDUXV GLSHUWLPEDQJNDQ VHEDJDL UHVLNR
EDKD\DNHEDNDUDQWLQJJLNDUHQDNXDQWLWDVGDQNDQGXQJDQEDKDQPXGDKWHUEDNDUQ\DWLQJJL
.HEDNDUDQ GDODP WLQJNDW NODVLILNDVL LQL GDSDW GLSHUNLUDNDQ EHUNHPEDQJ FHSDW GDQ
PHPSXQ\DLQLODLSHOHSDVDQSDQDV\DQJ WLQJJL
 /D\RXW GDQ=RQDVL %DQJXQDQ
%DQJXQDQ 3DVDU $QGLU .RWD %DQGXQJ PHUXSDNDQ EDQJXQDQ SHUGDJDQJDQ \DQJ
PHQJJXQDNDQVLVWHPVWUXNWXUULJLGPHWHU[PHWHU%DQJXQDQPHPLOLNLMXPODKODQWDL\DLWX
 ODQWDL GDQ  ODQWDL URRIWRS WLQJJL EDQJXQDQ NXUDQJ OHELK  PHWHU GDQ OXDVDQ WRWDO
EDQJXQDQDGDODKOHELKGDULPHWHUSHUVHJL
*DPEDU =RQDVL3DVDU$QGLU.RWD%DQGXQJ




















































































/LKDW*DPEDU/DQWDLGHQJDQ WLQJJLNXUDQJ OHELK PHWHU MXPODK OXDV ODQWDL
























































































































































































































































































































3DGD ODQWDL EDVHPHQW *DPEDU  WLWLN VXPEHU UDZDQ EDKD\D WHUGDSDW SDGD DUHD
WHPSDWPDNDQ UXDQJSRPSD GDQ UXDQJSDQHO 3DGD DUHD WHPSDWPDNDQELVD VDMD WHUMDGL
VHEXDKOHGDNDQEHUDVDOGDUL WDEXQJJDVGDQSXQWXQJURNRNVHPHQWDUDSDGDUXDQJSRPSD
GDQSDQHO VXPEHUEDD\DEHUDVDOGDUL OHGDNDQSHUDODWDQDWDXNRQVOHWLQJ OLVWULN6HODLQ LWX
SDGDDUHDSHQMXDODQMXJDGDSDWPHQ\HEDENDQNHEDNDUDQ\DQJEHUDVDOGDULSXQWXQJURNRN




3DGD ODQWDL GDVDU *DPEDU  WLWLNWLWLN VXPEHU UDZDQ EDKD\D NHEDNDUDQ EDQ\DN
WHUOHWDNSDGDUXDQJOLVWULN\DLWXUXDQJJDUGX3/1UXDQJJHQVHWUXDQJSRPSDGDQUXDQJ
SDQHO6XPEHUEDKD\DNHEDNDUDQ\DQJGLWLPEXONDQVDPDVDPDEHUDVDOGDULSDQDVQ\DPHVLQ
VHKLQJJD WHUMDGL OHGDNDQ GDUL SHUDODWDQ GDQ NRQVOHWLQJ OLVWULN 0DND SHUOX GLODNXNDQ
WUHDWPHQW NKXVXV SDGD MDULQJDQNDEHOOLVWULN NDUHQDOHWDNUXDQJJHQVHWGDQUXDQJJDUGX3/1












































































3DGD ODQWDL  *DPEDU  UXDQJSRPSD DLU EHUVLK \DQJGDSDW EHUSRWHQVL VHEDJDL
VXPEHU EDKD\D NHEDNDUDQ \DQJ GLVHEDENDQ ROHK SHPDQDQDVDQ DWDX OHGDNDQ SRPSD
6HPHQWDUD UXDQJ NDQWLQ MXJD GDSDW PHQLPEXONDQ EDKD\D NHEDNDUDQ \DQJ EHUDVDO GDUL
NRPSRUJDV
'DUL *DPEDU  KLQJJD *DPEDU  GDSDW GLNHWDKXL EDKZD VXPEHU EDKD\D
NHEDNDUDQOHELKEDQ\DNWHUMDGL GLVLVLEDQJXQDQVHEHODKXWDUDGDQEDUDWEDQJXQDQ
 $QDOLVLV0DQDMHPHQ3URWHNVL.HEDNDUDQ3DVDU
%DQJXQDQ 3DVDU$QGLU.RWD%DQGXQJPHUXSDNDQ EDQJXQDQ GHQJDQ OXDV ODQWDL WRWDO
PHQFDSDL OXDV OHELKGDULP2OHKNDUHQD LWXPHQXUXW3HUPHQ381R7DKXQ
 WHQWDQJ VHWLDS EDQJXQDQ \DQJ PHPLOLNL OXDV ODQWDL PLQLPDO  P  ZDMLE
PHQHUDSNDQ PDQDMHPHQ SURWHNVL NHEDNDUDQ JHGXQJ $NDQ WHWDSL EHUGDVDUNDQ KDVLO
ZDZDQFDUD GHQJDQ SLKDN SHQJHOROD 3DVDU $QGLU EHOXP PHPLOLNL PDQDMHPHQ SURWHNVL




























%HOXP DGD PDQDMHPHQ SHQDQJJXODQJDQ
NHEDNDUDQSDGD3DVDU$QGLU.RWD%DQGXQJ
7LGDN6HVXDL
 7HUGDSDW IXQJVL SRODRUJDQLVDVL
VXPEHU GD\D PDQXVLD SUDVDUDQD







'DUL KDVLO SHUEDQGLQJDQ SDGD WDEHO WHUVHEXW GLGDSDWNDQ EDKZD PDQDMHPHQ





.HEDNDUDQ 73. VHFDUD VWUXNWXUDO 5HQFDQD SHQJDPDQDQ GDQ WLQGDN GDUXUDW WHUKDGDS
NHEDNDUDQ\DQJGLODNXNDQKDQ\DEHUXSDSHPHULNVDDQPDVDEHUODNXGDQSHQJLVLVDQXODQJ
ROHKSLKDN0(0HFKDQLFDO(QJLQHHULQJ DWDXSHWXJDVNKXVXVWHUKDGDSDODWSHPDGDPDSL
ULQJDQ $3$5 VDMD 6HODLQ LWX NHWLND WHUMDGL NHEDNDUDQ SHODNX \DQJ EHUWXJDV XQWXN











%HOXP PHPLOLNL RUJDQLVDVL SHQDQJJXODQJDQ
NHEDNDUDQGDODPJHGXQJ
7LGDNVHVXDL
 7HUGDSDW WLP SHQDQJJXODQJDQ
EDKD\DNHEDNDUDQ73.
%HOXP WHUGDSDW WLP SHQDQJJXODQJDQ EDKD\D
NHEDNDUDQ73.
7LGDNVHVXDL
 73. GLEHQWXN ROHK
SHPLOLNSHQJHOROD EDQJXQDQ
JHGXQJ
%HOXP WHUGDSDW WLP SHQDQJJXODQJDQ EDKD\D
NHEDNDUDQ73.
7LGDNVHVXDL
 73. PHQJJXQDNDQ WDQGD
SHQJHQDONKXVXVGDODPEHUWXJDV
73. WLGDN PHQJJXQDNDQ WDQGD SHQJHQDO
NKXVXVGDODPEHUWXJDV
7LGDNVHVXDL
 6HWLDS  SHQJJXQD JHGXQJ
GLZDMLENDQ PHQXQMXN  RUDQJ
XQWXNPHQMDGLDQJJRWD73.
%HOXP WHUGDSDW WLP SHQDQJJXODQJDQ EDKD\D
NHEDNDUDQ73.VHFDUDUHVPLGDQMHODV
7LGDNVHVXDL
 3HWXJDV SHQDQJJXQJ MDZDE
WHUODWLK GDQ PHPSXQ\DL SHUDQ
PDVLQJPDVLQJ






















7DWD ODNVDQD RSHUDVLRQDO NHEDNDUDQ 3DVDU $QGLU .RWD %DQGXQJ EHOXP PHPLOLNL























 3RV GDSDW GLJDQWL GDQD WDX
GLVHPSXUQDNDQ VHVXDL GHQJDQ
































































 3HPHULNVDDQ VLVWHP GHWHNWRU
GDQ DODUP GLODNVDQDNDQ VHFDUD



















 3HPHULNVDDQ EDWHUDL FRQWURO





















 'LODNXNDQ XML RSHUDVLRQDO
WHUKDGDS KLGUDQ JHGXQJ GDQ






















LQVSHNVL YLVXDO WHUKDGDS ILVLN
$3$5 HPOLSXWL WDEXQJ VHJHO


































 'LODNXNDQ SHQDQGDDQ $3$5


















 7HUGDSDW PDQXDO GDQ SURVHGXU











3HPEDKDVDQ LQL PHQJXUDLNDQ SHQMHODVDQ PHQJHQDL NRQGLVL HNVLVWLQJ NRPSRQHQ
NRPSRQHQ VLVWHP SURWHNVL NHEDNDUDQ \DQJ DGD GL 3DVDU $QGLU .RWD %DQGXQJ GDQ
NHVHVXDLDQQ\D GHQJDQ SHUDWXUDQ VWDQGDU WHUNDLW .RPSRQHQNRPSRQHQ WHUVHEXW \DLWX
NHOHQJNDSDQWDSDNVDUDQDSHQ\HODPDWDQVLVWHPSURWHNVLDNWLIGDQVLVWHPSURWHNVLSDVLI































EDZDK VHODQMXWQ\DGLDOLUNDQPHQXMXWDQGRQDWDVURRIWDQN \DQJPHPLOLNL NDSDVLWDVP




WHUOHELK GDKXOX MXPODK VSULQNOHU GDQ KLGUDQ SDGD EDQJXQDQ 3DVDU$QGLU.RWD %DQGXQJ
%HULNXW PHUXSDNDQ SHUKLWXQJDQ NDSDVLWDV DLU NHEDNDUDQ \DQJ VHKDUXVQ\D XQWXN MDQJND
ZDNWXVHODPDPHQLWPHQJJXQDNDQUXPXVHPSLULV
௔ܸ௜௥ି௞௘௕௔௞௔௥௔௡ ൌ ௔ܸ௜௥ି௦௣௥௜௡௞௟௘௥ ൅ ௔ܸ௜௥ି௛௜ௗ௥௔௡««««««««««
GHQJDQ
௔ܸ௜௥ି௞௘௕௔௞௔௥௔௡ ൌ      OLWHU
௔ܸ௜௥ି௦௣௥௜௡௞௟௘௥ ൌ     OLWHU
௔ܸ௜௥ି௛௜ௗ௥௔௡ ൌ     OLWHU
௔ܸ௜௥ି௦௣௥௜௡௞௟௘௥ ൌ ʹͲΨ ൈσݎ݈݁݇݊݅ݎ݌ݏ ൈ ͳͺ ൈ ͵Ͳ »»»»»ݎ݁ݐ݈݅
GHQJDQ
௔ܸ௜௥ି௦௣௥௜௡௞௟௘௥ ൌ     OLWHU
෍ݎ݈݁݇݊݅ݎ݌ݏ ൌ   
௔ܸ௜௥ି௛௜ௗ௥௔௡ ൌ σ݄݅݀݊ܽݎ ൈ ͶͲͲ ൈ ͵Ͳ »»»»»»»»»»ݎ݁ݐ݈݅
GHQJDQ
௔ܸ௜௥ି௛௜ௗ௥௔௡ ൌ     OLWHU




௔ܸ௜௥ି௦௣௥௜௡௞௟௘௥ ൌ ʹͲΨ ൈ Ͷ͹Ͷ ൈ ͳͺ ൈ ͵Ͳ ݎ݁ݐ݈݅



















6HODQMXWQ\DGLLNHWDKXL WRWDO MXPODKKLGUDQ JHGXQJGDQKDODPDQ \DQJGLPLOLNL3DVDU
$QGLU.RWD%DQGXQJDGDODKKLGUDQ0DNDNHEXWXKDQDLUXQWXNKLGUDQGDSDWGLNHWDKXL
GHQJDQPHQJJXQDNDQ3HUVDPDDQ
௔ܸ௜௥ି௛௜ௗ௥௔௡ ൌ ͳͻ ൈ ͶͲͲ ൈ ͵Ͳ ݎ݁ݐ݈݅











WHNDQDQ VWDWLV $SDELOD WHNDQDQPHQXUXQ NDUHQD SHFDKQ\D SOXJ NDFD PDND SRPSD MRNL
MRFNH\SXPS DNDQEHNHUMDVHFDUDRWRPDWLVGHQJDQPHQJJXQDNDQVXPEHUOLVWULNGDUL3/1
XQWXN PHQ\DOXUNDQ DLU NH WLWLN VXPEHU DSL 6HODQMXWQ\D DSDELOD SRPSD MRNL WLGDN GDSDW
PHQDQJDQLPDND SRPSD HOHNWULNDO HOHFWULFDO SXPS \DQJ GLPLOLNLPXODL EHNHUMD VHFDUD
RWRPDWLVPHQJDPELODOLKXQWXNPHQ\DOXUNDQDLU3DGDUXDQJSRPSDWLGDNWHUGDSDWSRPSD
GLHVHOQDPXQEHUGDVDUNDQKDVLOZDZDQFDUDGHQJDQSLKDNWHNQLVLWHUGDSDWPHVLQJHQVHWSDGD
























ZDUQD SDGD LQVWDODVL SLSD XQWXN NHEDNDUDQ GDQ DLU EHUVLK %HUGDVDUNDQ KDVLOZDZDQFDUD
GHQJDQSLKDN WHNQLVLSRPSDGLSHULNVDVHFDUDEHUNDODVDWX WDKXQVHNDOL GDQSRPSDGDSDW
EHUMDODQGHQJDQEDLNGDQRWRPDWLV1DPXQSDGDVDODKVDWXSLSDKHDGHU\DQJPHQJDOLUNDQ
DLU NH UHVHUYRLU XWDPD EHOXPGLSDVDQJ UXEEHU H[SDQVLRQ MRLQW MHQLV HOERZNDUHQDPDVLK




















.DSDVLWDV DLU  P
XQWXN MDQJNDZDNWX 












WHUEXDW GDUL EDWX EDWD
VHKLQJJD WDKDQ DSL 
KLQJJD  MDP GDQ
SHQXWXSSLQWXEDMD
 6HVXDL ϭϬϬ ϱϬ
-80/$+ ϴϴ
%HUGDVDUNDQ SHUKLWXQJDQ WHUVHEXW PDND VWDQGDU SHQLODLDQ \DQJ GLGDSDW XQWXN VXE
NRPSRQHQVXPEHUDLUDGDODKWHUPDVXNGDODPNDWHJRULEDLN.ULWHULDVWDQGDU\DQJEHOXP
WHUSHQXKLVHSHQXKQ\DDGDODKPHPLOLNLNDSDVLWDVDLUXQWXNSHPDQFDUDQPHQLWPDNDOHELK






















%HUGDVDUNDQ KDVLO REVHUYDVL MDODQ XWDPD GL OLQJNXQJDQ 3DVDU $QGLU .RWD %DQGXQJ
VXGDKGLDVSDOGDQGDSDWGLDNVHVROHKNHQGDUDDQGDUXUDWVHODLQLWXMDOXUXWDPDPHPLOLNLOHEDU
EHUVLKGDULNLRVSLQJJLUGDQSDUNLUPRWRUMDODQEHUNLVDUPKLQJJDPGDQMDOXUPDVXN




















PDVXN GDQ NHOXDU WHUVHEXW PHPLOLNL JDSXUD \DQJ WHUEXDW GDUL EHVL GHQJDQ NHWLQJJLDQ
EHUNLVDUPHWHUGDQOHEDUPHWHU2OHKNDUHQDLWXPRELOSHPDGDPNHEDNDUDQGDSDWGHQJDQ



























/LKDW *DPEDU  -DODQ OLQJNXQJDQ WHUOHEDU \DQJ GLPLOLNL ROHK 3DVDU $QGLU .RWD
%DQGXQJDGDODKPHWHU\DQJEHUDGDGLGDHUDKWLPXUGDQXWDUD GDQOHEDUPLQLPXPDGDODK































MDOXUPDVXN DGDODK PHWHU GDQ XQWXN VLVL WLPXU DGDODK PHWHU 8QWXNPHPSHUMHODV









%2%27 .(7(5$1*$1 1,/$, -80/$+
 -DOXU PDVXN PHPLOLNL
OHEDUWLGDNNXUDQJGDUL




OHEDU  PHWHU GDQ
WLQJJLPHWHU
 6HVXDL ϭϬϬ ϯϬ
 /DSLV SHUNHUDVDQ









 7LGDNDGD Ϭ Ϭ












 6HVXDL ϭϬϬ ϮϬ











 7LGDNDGD Ϭ Ϭ
 -DUDN ODSLV SHUNHUDVDQ
GHQJDQ EDQJXQDQ





 7LGDNDGD Ϭ Ϭ














 7LGDNDGD Ϭ Ϭ
-80/$+ ϱϬ
%HUGDVDUNDQ WDEHO WHUVHEXW GLNHWDKXL EDKZD MDODQ OLQJNXQJDQ 3DVDU $QGLU .RWD
%DQGXQJ PHPLOLNL MXPODK VWDQGDU SHQLODLDQ  WHUPDVXN GDODP NDWHJRUL NXUDQJ 6XE



















SHUNHUDVDQ VHKLQJJD GLSHUOXNDQ SHQJDGDDQ ODSLV SHUNHUDVDQ XQWXN PHQLQJNDWNDQ QLODL
NHDQGDODQNHEDNDUDQEDQJXQDQ
& +LGUDQ+DODPDQ
%HUGDVDUNDQ KDVLO REVHUYDVL GDQ ZDZDQFDUD KLGUDQ KDODPDQ \DQJ GLPLOLNL ROHK
%DQJXQDQ3DVDU$QGLU.RWD%DQGXQJWHUGDSDWWLGDNPHPLOLNLNRWDNKLGUDQ KDODPDQ 3DGD
OLQJNXQJDQOXDUEDQJXQDQJHGXQJKDQ\DPHPLOLNL KLGUDQSLOODU GXDNDWXS WDQSDSHQHPSDWDQ
VHODQJPHWHU\DQJEHUGDPSLQJDQ QDPXQGDSDWEHUIXQJVLGHQJDQEDLN VHKLQJJDWLQGDNDQ






















3DGD*DPEDU SHQHPSDWDQKLGUDQKDODPDQ DWDXKLGUDQSLOODU EHUDGD GLVHSDQMDQJ
MDOXU DNVHVPRELO SHPDGDP NHEDNDUDQ QDPXQ WLGDN VHPXD KLGUDQ GDSDW GLJXQDNDQ ROHK
PRELOSHPDGDPNHEDNDUDQGLGDHUDKSHUNHUDVDQMDODQOLQJNXQJDQDNLEDWDGDQ\DSHQJKDODQJ
DWDXKDPEDWDQ+LGUDQ\DQJWLGDNGDSDWGLDNVHVODQJVXQJGLODSLVSHUNHUDVDQDGDODKKLGUDQ
& -DUDN VHODQJ \DQJ GLWHPSXK GDUL PRELO SHPDGDP NHEDNDUDQPHQXMX KLGUDQ SLOODU &
PHOHELKLPHWHUVHGDQJNDQMDUDNPDNVLPDOGDULKLGUDQPHQXMXPRELOSHPDGDPNHEDNDUDQ
DGDODK  PHWHU 6HODLQ LWX KLGUDQ GLOHWDNNDQ GLWHPSDW \DQJ PXGDK GLOLKDW PXGDK
GLMDQJNDX QDPXQ WLGDN EHEDV KDPEDWDQ NDUHQD DUHD GLGHSDQ KLGUDQ SLOODU GLIXQJVLNDQ
VHEDJDLWHPSDWSDUNLUPRWRU
/XDVODQWDLWHUEHVDU\DQJGLPLOLNLROHK3DVDU$QGLU.RWD%DQGXQJDGDODKP GDQ
KLGUDQ KDODPDQ \DQJ GLPLOLNL DGDODK  EXDK $SDELOD PHUXMXN SDGD 3HUDWXUDQ 0HQWHUL
3HNHUMDDQ8PXP1RWDKXQGHQJDQOXDVODQWDLWHUEHVDU\DQJGLPLOLNLDGDODK
P PDND KLGUDQ KDODPDQ \DQJ GLPLOLNL VHKDUXVQ\D DGDODK  EXDK 8QWXN PHQJHWDKXL























































































































































































%HUGDVDUNDQ SHUEDQGLQJDQ WHUVHEXW PDND GDSDW GLVLPSXONDQ EDKZD KLGUDQ KDODPDQ


























/XDV WLWLN NXPSXO \DQJ GLSHUOXNDQ DJDU GDSDW PHQDPSXQJ NDSDVLWDV EHEDQ KXQLDQ










































GDQ WHUPDVXN NDWHJRUL NXUDQJ VHKLQJJD \DQJ GLSHUOXNDQ XQWXN PHQLQJNDWNDQ QLODL
NHDQGDODQDGDODKPHQJDGDNDQWLWLNNXPSXO
( 3HQLODLDQ.HDQGDODQ.HVHODPDWDQ.HEDNDUDQ.RPSRQHQ.HOHQJNDSDQ7DSDN
































 6XPEHU$LU %    
 -DODQ/LQJNXQJDQ .    
 7LWLN.XPSXO .    
 +LGUDQ+DODPDQ &    
%RERW.HOHQJNDSDQ7DSDN  727$/ 
7DEHOPHQMHODVNDQEDKZDQLODLVXENRPSRQHQSDGDNHOHQJNDSDQWDSDNWHUUHQGDK
GLSHUROHK ROHK WLWLN NXPSXO GHQJDQ QLODL  GDQ QLODL WHUHQGDK VHODQMXWQ\D DGDODK MDODQ
OLQJNXQJDQ GHQJDQ QLODL  WHUPDVXN NDWHJRUL NXUDQJ+LGUDQ KDODPDQ WHUPDVXN GDODP
NDWHJRUL FXNXS EDLN GHQJDQ QLODL  6HPHQWDUD LWX QLODL WHUWLQJJL GLSHUROHK ROHK VXE
NRPSRQHQVXPEHUDLUGHQJDQQLODLWHUPDVXNGDODPNDWHJRULEDLN8QWXNPHQLQJNDWNDQ
QLODL NHDQGDODQ NHVHODPDWDQ NHEDNDUDQ NHOHQJNDSDQ WDSDN PDND VHPXD VXE NRPSRQHQ
KDUXVGLSHUEDLNLGDQGLOHQJNDSLVHVXDLGHQJDQVWDQGDUPHVNLSXQVXPEHUDLUWHUPDVXNGDODP
NDWHJRULEDLNQDPXQSHQJDGDDQVXPEHUDLUPHPLOLNLELD\DOHELKPXUDKGDQZDODXSXQVHGLNLW
QLODL NHDQGDODQ \DQJ GLSHUROHK GDSDW PHPEDQWX GDODP NHQDLNDQ QLODL NHDQGDODQ











3DGD SHPEDKDVDQ VXE NRPSRQHQ VDUDQD MDODQ NHOXDU GLEDJL PHQMDGL EHEHUDSD

































/DQWDL DWDX EDJLDQ GDUL ODQWDL \DQJ GLJXQDNDQ KDQ\D XQWXN
NDQWRU






0HQXUXW3HUPHQ 38 1R7DKXQMXPODKGDQOHEDU XNXUDQWDQJJDGDQMDODQ
NHOXDUKDUXVPHPDGDLXQWXNNDSDVLWDVEHEDQKXQLDQ2OHKNDUHQDLWXSDGDEDELQLDNDQ
GLEDKDV PHQJHQDL SHUKLWXQJDQ XQWXN PHQFDUL NDSDVLWDV EHEDQ KXQLDQ DJDU SDGD
SHPEDKDVDQVHODQMXWQ\DGDSDWPHQJDQDOLVLVMXPODKGDQOHEDUWRWDOVDUDQDMDODQNHOXDU






































DWDX HYDNXDVL EDQJXQDQ 3DVDU $QGLU .RWD %DQGXQJ GLJXQDNDQ XQWXN SHQHPSDWDQ
EDUDQJNRPRGLWLSHGDJDQJ+DOLQLGDSDWPHQJKDPEDWSURVHVHYDNXDVLVDDWNHEDNDUDQ
EHUODQJVXQJDWDXSDGDNHDGDDQGDUXUDWODLQQ\D6HODLQLWXNRQILJXUDVLVLUNXODVL3DVDU
$QGLU.RWD%DQGXQJEHUEHQWXNJULGGHQJDQ SHQJJXQDDQ WDQGDSHWXQMXN MDOXUNHOXDU
\DQJPLQLPPHPEXDWSURVHVHYDNXDVLOHELKODPDNDUHQDSHQJKXQLNKXVXVQ\DSHPEHOL
\DQJEDUXSHUWDPDNDOLEHUNXQMXQJSDGD3DVDU$QGLU.RWD%DQGXQJSDVWLPHUDVDSDQLN
GDQ NHELQJXQJDQPHQFDUL MDODQNHOXDUDWDXSLQWXHNVLW -DOXUVLUNXODVL PHQXMXWDQJJD
GDUXUDW3DVDU$QGLU.RWD%DQGXQJWLGDNGLOHQJNDSLGHQJDQGLQGLQJWDKDQDSLSHOLQJNXS







-DOXU VLUNXODVL DWDX NRULGRU EDQ\DN
GLJXQDNDQ XQWXN DUHD WDPEDKDQ
SHQHPSDWDQ EDUDQJ GDJDQJDQ




.RULGRU \DQJ WHUGDSDW SLQWX WLGDN
WHUWXWXS GDQ WHUEXDW GDUL EHVL GDSDW
PHPEDKD\DNDQ GDQ PHQJKDPEDW
HYDNXDVL DSDELOD WHUMDGL NHEDNDUDQ
6HODLQLWXWHUGDSDWEDUDQJGDJDQJDQ
\DQJ WHUGDSDW GL GHSDQ SLQWX
WHUVHEXW
.RQGLVL MDOXU VLUNXODVL DWDX NRULGRU





















/DQWDL'DVDU 3DGD MDOXU VLUNXODVL DWDX NRULGRU
WHUGDSDWEDKDQ\DQJPXGDKWHUEDNDU
FRQWRKQ\D DGDODK SHOLQJNXS MDOXU
VLUNXODVL DWDX NRULGRU DGDODK SLQWX
NLRV \DQJ WHUEXDW GDUL DOXPXQLXP




/DQWDL -DOXU VLUNXODVL DWDX NRULGRU EDQ\DN
GLJXQDNDQ XQWXN DUHD WDPEDKDQ
SHQHPSDWDQ EDUDQJ GDJDQJDQ
VHKLQJJD DSDELOD WHUMDGL NHEDNDUDQ
GDSDWPHQJKDPEDWSURVHVHYDNXDVL
/DQWDL
-DOXU VLUNXODVL DWDX NRULGRU EDQ\DN
GLJXQDNDQ XQWXN DUHD WDPEDKDQ
SHQHPSDWDQ EDUDQJ GDJDQJDQ






















-DOXU VLUNXODVL DWDX NRULGRU EDQ\DN
GLJXQDNDQ XQWXN DUHD WDPEDKDQ
SHQHPSDWDQ EDUDQJ GDJDQJDQ
VHKLQJJD DSDELOD WHUMDGL NHEDNDUDQ
GDSDWPHQJKDPEDWSURVHVHYDNXDVL
/DQWDL
-DOXU VLUNXODVL DWDX NRULGRU
EDQ\DN GLJXQDNDQ XQWXN DUHD
WDPEDKDQ SHQHPSDWDQ EDUDQJ
GDJDQJDQ VHKLQJJD DSDELOD WHUMDGL
NHEDNDUDQGDSDWPHQJKDPEDWSURVHV
HYDNXDVL
%HUGDVDUNDQ KDVLO WHODDK GRNXPHQ GDQ REVHUYDVL ODSDQJDQ NRQILJXUDVL MDOXU





















*DPEDU  PHQMHODVNDQ WDWD NLRV SDGD ODQWDL EDVHPHQW 3DVDU $QGLU .RWD
%DQGXQJWHUEHQWXNOHELKGDULSRODJULG\DQJGLJDEXQJNDQNOXVWHU/DQWDLEDVHPHQW
PHPLOLNL SROD VLUNXODVL JULG -DOXU VLUNXODVL UDWDUDWD PHPLOLNL OHEDU  PHWHU -DUDN















































PHWHU SDGD EORN. GDQ' GDQ MDUDN PHWHU WHUOHWDN GL EORN 3 VDMD$NDQ WHWDSL
























DQWDU NLRV WHUNHFLO DGDODK PHWHU \DQJ WHUOHWDN GL EORN& GDQ1 VHGDQJNDQ MDUDN
WHUOHEDUDGDODKPHWHU\DQJWHUOHWDNDQWDUDEORN.GDQ*GDQDQWDUDEORN'GDQ+
F 7DQJJDGDQ3LQWX.HOXDU
%HUGDVDUNDQ KDVLO REVHUYDVL GDQ WHODDK GRNXPHQ 3DVDU $QGLU .RWD %DQGXQJ



























8QWXN PHQJHWDKXL NHVHVXDLDQ MXPODK GDQ OHEDU WDQJJD GDQ SLQWX NHOXDU \DQJ
GLPLOLNL3DVDU$QGLU.RWD%DQGXQJGHQJDQMXPODKGDQOHEDUWDQJJDGDQSLQWXNHOXDU
\DQJ VHKDUXVQ\D GLPLOLNL XQWXN GDSDWPHOD\DQL NDSDVLWDV EHEDQKXQLDQ SHUODQWDLQ\D
DGDODKGHQJDQPHQJJXQDNDQ3HUVDPDDQGDQPHQXUXW5DPOL














+DVLO SHUKLWXQJDQ MXPODKGDQ OHEDU WRWDO WDQJJD GDQSLQWXNHOXDUGL ODQWDL GDVDU
GHQJDQZDNWXHYDNXDVLPDNVLPDOPHQLWDGDODKOHEDUWRWDO P GDQEDQ\DNQ\D
SLQWXNHOXDU DGDODK EXDK VHGDQJNDQXQWXN ODQWDL PHPLOLNL MXPODK WHPSDWNHOXDU
PLQLPDODGDODKEXDKGHQJDQOHEDUWRWDOPHWHU6HPHQWDUDSDGDODQWDLGDQOHEDU
VHKDUXVQ\DPHPLOLNL WRWDO OHEDU SLQWX NHOXDUWDQJJD VHEHVDU P GDQ MXPODK SLQWX


























3LQWX NHOXDU PHUXSDNDQ SLQWX
IROGLQJJDWH \DQJWHUEXDWGDULEHVL
/DQWDL'DVDU 3LQWX NHOXDU PHUXSDNDQ SLQWX
IROGLQJ JDWH \DQJ WHUEXDW GDUL EHVL
GDQ SLQWX NHOXDU GDUL WDQJJD
WHUKDODQJROHKEDUDQJGDJDQJDQ
7DQJJD XWDPD EHEDV KDODQJDQ
PHPLOLNL SHJDQJDQ WDQJJD WHUEXDW
GDULEHVLGDQVHPHQ
/DQWDL6DWX 7DQJJD GDUXUDW WDPEDKDQ WHUEXDW
GDUL EHVL GDQ DWDS NDQRSL
SRO\FDUERQDWH
/DQWDL6DWX 7DQJJDWHUEXNDGDQMDOXUNHOXDUGDUL
WDQJJD WHUGDSDW EDUDQJ GDJDQJDQ
\DQJPHPSHUNHFLOVLUNXODVL
3HQDQGDDQ PHQXMX ODQWDL EDZDK





















7DQJJD \DQJ WHUOHWDN GL WHQJDK
WHQJDK EDQJXQDQ PHPLOLNL
SHJDQJDQ WDQJJD WHUEXDW GDUL EHVL
VHWLQJJLFP
/DQWDL'XD 7DQJJD PHPLOLNL EXNDDQ NDFD




SLQWX EHVL IROGLQJ JDWH DWDX SLQWX
KDUPRQLND GDQ SHQDQGDDQ PHQXMX
ODQWDL EDZDK GLJDQWXQJ GL GHSDQ
WDQJJD
3HOHWDNNDQ SHJDQJDQ WDQJJD \DQJ
VDODK
/DQWDL'XD .RQVWUXNVLWDQJJDVXGDKPHQJDODPL
GHIOHNVL NDUHQD EHEDQ \DQJ

























3DGD SLQWX HNVLW GL ODQWDL  DWDX
URRIWRS WHUGDSDW PRWRU \DQJ
PHQJKDODQJL VLUNXODVL GDQ EDKDQ
SHOLQJNXSDWDSWHUEXDWGDULND\X
3HQXWXSEXNDDQSLQWXWDQJJDWHUEXDW
GDUL EHVL WLGDN PHPLOLNL  HQJVHO
GDQ SLQWX GLELDUNDQ WHUEXND NDUHQD
WHUKDODQJROHKEHQGD





NRQGLVLQ\D WHUEXND NDUHQD WHUKDODQJ ROHK EHQGD GDQ WLGDN PHPLOLNL SHWXQMXN \DQJ
EHUWXOLVNDQ³3,178'$585$7´
3LQWX NHOXDU SDGD ODQWDL EDVHPHQW ODQWDL GDVDU GDQ WDQJJD \DQJ PHQXUXQ
PHUXSDNDQSLQWXGHQJDQMHQLV IROGLQJJDWH DWDXSLQWXKDUPRQLND+DO LQL WLGDNGDSDW
PHQDKDQ SHQMDODUDQ DSL NDUHQD SLQWX KDUPRQLND SDGD 3DVDU $QGLU .RWD %DQGXQJ
WHUEXND GDQ PHPLOLNL FHODK 6HODLQ LWX SLQWX NHOXDU WLGDN WHUGDSDW WDQGD SHWXQMXN
EHUWXOLVNDQ´(;,7´WHWDSLEHUWXOLVNDQQRPHUSLQWX
%HEHUDSDWDQJJDPHPLOLNLSHWXQMXNWLQJNDWODQWDLPHQXMXODQWDLGLDWDVQ\DDWDXGL













































%DUX      
6XGDKDGD      
8GDUDWHUEXND 76 76   76 76
0DO
%DUX      





MDOXU WDQJJD VDPSDL SDGD SLQWX NHOXDU WLGDN EROHK OHELK GDUL  PHWHU 8QWXN
















































































 &XNXSVHVXDL ϳϱ ϳ͕ϯϱ








 &XNXS6HVXDL ϳϱ ϱ͕ϬϮϱ





WLQJJL OHELK GDUL 















-DUDN WHPSXK GDUL WLWLN
WHUMDXK NH SLQWX NHOXDU
OHELK GDUL  PHWHU
\DLWX NXUDQJ OHELK 
PHWHU
 7LGDNVHVXDL Ϯϱ ϭ͕ϱϱ
 6HWLDS SLQWX SDGD
VDUDQD MDODQ NHOXDU
KDUXVGDUL HQJVHO VLVL
DWDX SLQWX D\XQ GDQ
KDUXV PHQFDSDL
WHUEXNDSHQXK








 7LGDN6HVXDL Ϯϱ Ϭ͕ϴϮϱ
 %XNDDQ SLQWX XQWXN
VDUDQD MDODQ NHOXDU
PLQLPDO PHPLOLNL






\DQJ GLPLOLNL DGDODK 
PHWHU















































 7LGDN DGD  




















PHQXMX NH MDODQ NHOXDU
DWDXUXDQJWHUEXND
 6HVXDL ϭϬϬ ϵ





-XPODK GDQ OHEDU WRWDO
VDUDQD MDODQ NHOXDU
ODQWDL  GDQ  NXUDQJ
GDUL\DQJVHKDUXVQ\D
 .XUDQJ VHVXDL ϱϬ Ϯ͕ϲϱ






7LQJJL DQDN WDQJJD 
FPGDQOHEDUSLMDNDQ
FP







 6HVXDL ϭϬϬ ϭ͕ϵ










 6HVXDL ϭϬϬ Ϯ͕ϯ








 6HVXDL ϭϬϬ ϭ͕ϴ









 6HVXDL ϭϬϬ Ϯ͕ϯ
 7LQJJL KDQGUDLOV



























































 P GLDWDV ERUGHV
ODQWDL
 7LGDN DGD  
-80/$+ 
%HUGDVDUNDQ SHUEDQGLQJDQ NHVXVDLDQ NRQGLVL HNVLWLQJ GHQJDQ VWDQGDU \DQJ EHUODNX
PDVDODKGRPLQDQVXENRPSRQHQMDODQNHOXDU3DVDU$QGLU.RWD%DQGXQJ DGDODKEDQ\DNQ\D
EDUDQJ GDJDQJDQ \DQJ GLOHWDNNDQ GL MDOXU VLUNXODVL VHKLQJJD GDSDW PHQJKDPEDW SURVHV
HYDNXDVL WDQJJDGDUXUDW\DQJWLGDNWHUSURWHNVL GDQPLQLPQ\D SHQDQGDDQSDGDSLQWXDWDX
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 7LGDNDGD Ϭ Ϭ













 7LGDNVHVXDL Ϯϱ ϯ͕ϯϮϱ
 'LEHUL WDQGD VHJLWLJD
PHUDKDWDXNXQLQJGHQJDQ
XNXUDQWLDSVLVLFPGDQ





 7LGDNDGD Ϭ Ϭ









 7LGDNDGD Ϭ Ϭ
 8NXUDQ DNVHV SHWXJDV
SHPDGDP NHEDNDUDQ WLGDN
EROHKNXUDQJGDULOHEDU
FP  GDQ WLQJJL  FP
GHQJDQ WLQJJL DPEDQJ
EDZDK WLGDN OHELK GDUL
FPGDQ WLQJJL DPEDQJ
DWDV WLGDNNXUDQJGDUL 





 7LGDNDGD Ϭ Ϭ
 3DGD JHGXQJ \DQJ
GLSDVDQJ VSULQNOHU
RWRPDWLV MXPODK PLQ VDI
NH SHPDGDP NHEDNDUDQ
XQWXN OXDV ODQWDL
PDNVLPXP   P
DGDODK VDWX EXDK





























NHOXDU DGDODK  NDWHJRUL NXUDQJ +DO LQL GLNDUHQDNDQ WLGDN WHUSHQXKLQ\D NULWHULD
NRQVWUXNVL EDQJXQDQ GDSDWPHQFHJDK SHQMDODUDQ DVDS GDQ WLGDN DGD DNVHV NKXVXV XQWXN
SHPDGDPNHEDNDUDQSHPDGDPNHEDNDUDQKDQ\DGDSDWPDVXNPHQJJXQDNDQDNVHVXPXP


















 -DODQ.HOXDU &    
 .RQVWUXNVL-DODQ.HOXDU .    
 /DQGDVDQ+HOLNRSWHU %    





EDLN 8QWXNPHQLQJNDWNDQ QLODL NHDQGDODQ NHVHODPDWDQ NHEDNDUDQ VDUDQD SHQ\HODPDWDQ
PDND VXENRPSRQHQ \DQJ OHELKEDQ\DNGLSHUEDLNLGDQGLOHQJNDSL DGDODK VXENRPSRQHQ
MDODQNHOXDUNDUHQDPHPLOLNLERERW\DQJSDOLQJEHVDU
%HUGDVDUNDQ WDEHO WHUVHEXW GLGDSDWNDQ EDKZD QLODL NRPSRQHQ VDUDQD SHQ\HODPDWDQ
DGDODK WHUPDVXNNH GDODPNDWHURUL³&XNXS´GHQJDQQLODLGDULERERW
 6LVWHP3URWHNVL$NWLI




















PHPLOLNL WLQJJLNXUDQJGDULPHWHU0DNDSDGDSHPEDKDVDQ LQL WLGDNDNDQPHPEDKDV
PHQJHQDL VXE NRPSRQHQ OLIW NHEDNDUDQ GDQ OLIW NHEDNDUDQ GLDQJJDSPHPHQXKL NDWHJRUL
³%DLN´GHQJDQQLODL
$ 'HWHNWRUGDQ$ODUP.HEDNDUDQ









 EXDKGDQODQWDL PHPLOLNL EXDKGHWHNWRUSDQDV
%HUGDVDUNDQ ZDZDQFDUD GHQJDQ SLKDN WHNQLVL 0( 0HFKDQLFDO (QJLQHHULQJ
GHWHNWRU SHUQDK GLXMLFRED GDQ KDVLOQ\D GDSDW EHUIXQJVL GHQJDQ EDLN QDPXQ WLGDN
GLNHWDKXLNDSDQZDNWXPHODNXNDQXMLFREDWHUVHEXW
*DPEDU  .RQGLVLGHWHNWRUSDQDV ODQWDLEDVHPHQWGDQGDVDU




































































*DPEDU KLQJJD PHQMHODVNDQEDKZDSHQHPSDWDQGHWHNWRUSDQDV WHUVHEDU
GL UXDQJDQVHFDUDDFDNGDQKDQ\DGLOHWDNDQGLDUHDNRULGRU VHPHQWDUDNLRVORV WLGDN





PHQFDUL MDUDN DQWDU GHWHNWRU \DQJ VHKDUXVQ\D GLWHUDSNDQEHVHUWD MHQLV GHWHNWRU \DQJ
VHKDUXVQ\DGLWHUDSNDQ





-DUDN DQWDU GHWHNWRU GLWHQWXNDQ GHQJDQ FDUD PHQJDOLNDQ MDUDN DQWDU GHWHNWRU
PDNVLPXPVHVXDLGHQJDQMHQLVGHWHNWRUVHKDUXVQ\D\DQJKDUXVGLWHUDSNDQSDGDVHEXDK
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 -DUDN WLGDN OHELK GDUL





 7LGDN DGD  








 7LGDN6HVXDL Ϯϱ ϭ͕ϲϱ
 'HWHNWRU WLGDN EROHK
GLSDVDQJ GHQJDQ MDUDN
































 7LGDN6HVXDL Ϯϱ Ϭ͕ϵ
 7LDS UXDQJDQ GHQJDQ








 .XUDQJ6HVXDL ϱϬ Ϯ͕Ϯ
 7LDS UXDQJDQ GHQJDQ







 7LGDNDGD Ϭ Ϭ
 -DUDN DQWDUD GHWHNWRU
JDV WLGDN EROHK OHELK
GDUL  PHWHU XQWXN
VHWLDS UXDQJDQ HIHNWLI
GDQ WLGDN EROHK OHELK




 7LGDNDGD Ϭ Ϭ
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 -DUDN DQWDUD GHWHNWRU
DVDS WLGDN EROHK OHELK
GDUL  PHWHU XQWXN
VHWLDS UXDQJDQ HIHNWLI
GDQ WLGDN EROHK OHELK




 7LGDNDGD Ϭ Ϭ








 7LGDN DGD  







 6HVXDL ϭϬϬ ϲ͕ϰ















 6HVXDL ϭϬϬ ϯ͕ϳ
 -DUDN DQWDUD GHWHNWRU
SDQDVWLGDNEROHKOHELK
GDUL  PHWHU XQWXN
VHWLDS UXDQJDQ HIHNWLI
GDQ WLGDN EROHK OHELK




OHELK GDUL  P
SDGD UXDQJ
VLUNXODVL
 &XNXS 6HVXDL ϳϱ ϯ͕ϯϳϱ















 &XNXS 6HVXDL ϳϱ ϯ͕ϮϮϱ
-80/$+ 
%HUGDVDUNDQSHUEDQGLQJDQWHUVHEXWNRQGLVLHNVLVWLQJGHWHNWRUSDVDUEHOXPVHVXDL
GHQJDQ SHUDWXUDQ \DQJ EHUODNX NKXVXVQ\D SDGD SHUV\DUDWDQ MXPODK GDQ MDUDN DQWDU














































EDLN VHUWD VLDS SDNDL
GDQ KDQ\D PHPLOLNL
VLVWHPDODUPRWRPDWLV









GL ODQWDL GDVDU GDQ
ODQWDL
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7LGDNWHUGDSDW730  7LGDNDGD Ϭ Ϭ





7LGDNWHUGDSDW730  7LGDNDGD Ϭ Ϭ











7LGDNWHUGDSDW730  7LGDNDGD Ϭ Ϭ
 -DUDN DQWDUD PDQXDO
DODUPWLGDNOHELKGDUL
PHWHU
7LGDNWHUGDSDW730  7LGDNDGD Ϭ Ϭ
 7HUGDSDW DODUP SDGD
UXDQJ SDQHO FRQWURO
GDQSDQHOEDQWX
'L GDODP UXDQJ SDQHO
WLGDNWHUGDSDWDODUP








FDGDQJDQ DODUP  GDUL
EDWHUDL




3DQJJLO 0DQXDO 730 SDGDKDO EDQJXQDQ PHUXSDNDQ EDQJXQDQ  ODQWDL \DQJ
PHQJKDUXVNDQSHQHUDSDQDODUPVHFDUDRWRPDWLVGDQPDQXDO 2OHKNDUHQDLWXVWDQGDU
SHQLODLDQ\DQJGLSHUROHKDGDODK








































































SHWXQMXN VLDPHVH FRQQHFWLRQ GDQ QLODL  XQWXN SHQJDGDDQ VLDPHVH FRQQHFWLRQ 2OHK













































































7RWDO MXPODK OXDV ODQWDL  DGDODK  P GHQJDQ MXPODK$3$5 VHEDQ\DN  EXDK
VHKLQJJDUDWDUDWDWHUGDSDWEXDK$3$5XQWXNVHWLDS P3HQHPSDWDQ$3$5SDGD




\DQJ GLPLOLNL VXGDK VHVXDL GHQJDQ NODVLILNDVL EDKD\D NHEDNDUDQ GL 3DVDU $QGLU .RWD
%DQGXQJ\DLWXEDKD\D\DQJGLDNLEDWNDQROHKNRQVOHWLQJOLVWULNGDQEDKDQ WHNVWLOVHGDQJNDQ
SHPDVDQJDQ$3$5 EHOXPVHVXDLNDUHQD WLGDN GLVHUWDLGHQJDQSHPDVDQJDQSHWXQMXN DWDX




































 .DFD OHPDUL$3$5 VXGDKSHFDKGDQ DWDX
SHUOXGLJDQWL








 7DQGD SHPHULNVDDQ DWDX SHQJLVLDQ
PHQJKDODQJLSHWXQMXNSHQJJXQDDQ














 7DQGD SHPHULNVDDQ DWDX SHQJLVLDQ
PHQJKDODQJLSHWXQMXNSHQJJXQDDQ
 7HUGDSDWEDUDQJGLGHSDQ$3$5VHQJLQJJD
$3$5 WLGDN PXGDK WHUOLKDW GDQ
PHQJJDQJJX SHQJDPELODQ $3$5 VDDW
WHUMDGLNHEDNDUDQ






























 7DQGD SHPHULNVDDQ DWDX SHQJLVLDQ
PHQJKDODQJLSHWXQMXNSHQJJXQDDQ




















 7DQGD SHPHULNVDDQ DWDX SHQJLVLDQ
PHQJKDODQJLSHWXQMXNSHQJJXQDDQ
 7HUGDSDWEDUDQJGLGHSDQ$3$5VHQJLQJJD
$3$5 WLGDN PXGDK WHUOLKDW GDQ




























































 7HUGDSDW EDUDQJ GDJDQJDQ GDQ PHMD GL

































































$3$5 VLDS SDNDL GDQ
GDODP NRQGLVL EDLN
QDPXQH[SLUHG
 .XUDQJ6HVXDL ϱϬ ϱ͕ϭϱ



















































GHQJDQ WLQJJL OHELK GDUL

 7LGDN6HVXDL Ϯϱ Ϭ͕ϴϱ
 $3$5 GHQJDQ EHUDW














































 &XNXS6HVXDL ϳϱ ϯ͕ϵ








SDGD SRVLVL ³,6,´ DWDX
ZDUQDKLMDX


















GDQ LVL OHPEDU GDWD
NHVHODPDWDQ PDWHULDO


















-DUDN WHPSXK GDUL WLWLN
WHUMDXK NH $3$5
PHOHELKLP







 .XUDQJ6HVXDL ϱϬ ϱ͕ϭϱ
-80/$+ ϲϯ͕ϱϯ




JHGXQJ VHKLQJJD WRWDO KLGUDQ JHGXQJ \DQJ GLPLOLNL DGDODK  EXDK 7RWDO OXDV ODQWDL
































































WHUSDVDQJSHWXQMXNSHQJJXQDDQGDQ SLQWX KLGUDQGDODPNHDGDDQ WHUNXQFL VHKLQJJD WLGDN







 +LGUDQ GDODP NRQGLVL EDLN QDPXQ
WLGDNVLDSSDNDLNDUHQDWHUNXQFL


























 +LGUDQ GDODP NRQGLVL EDLN QDPXQ
WLGDNVLDSSDNDLNDUHQDWHUNXQFL








 +LGUDQ GDODP NRQGLVL EDLN QDPXQ
WLGDNVLDSSDNDLNDUHQDWHUNXQFL
 +LGUDQ PXGDK WHUOLKDW QDPXQ VXOLW




 +LGUDQ GDODP NRQGLVL EDLN QDPXQ
WLGDNVLDSSDNDLNDUHQDWHUNXQFL
 3LSDKLGUDQWLGDNEHUZDUQDPHUDK




 +LGUDQ WLGDN VLDS SDNDL NDUHQD
WHUNXQFL
 +LGUDQ WLGDN PXGDK WHUOLKDW GDQ






















/DQWDL'XD  +LGUDQ GDODP NRQGLVL EDLN QDPXQ WLGDN
VLDSSDNDLNDUHQD WHUNXQFL











 +LGUDQ GDODP NRQGLVL EDLN QDPXQ WLGDN
VLDSSDNDLNDUHQDWHUNXQFL
 +LGUDQ PXGDK WHUOLKDW QDPXQ VXOLW






 +LGUDQ GDODP NRQGLVL EDLN QDPXQ WLGDN
VLDSSDNDLNDUHQDWHUNXQFL




 +LGUDQ PHQMDGL WHPSDW PHQDUXK
GDJDQJDQGDQEDUDQJSULEDGL
 +LGUDQ GDODP NRQGLVL EDLN QDPXQ WLGDN
VLDSSDNDLNDUHQDWHUNXQFL




 +LGUDQ PHQMDGL WHPSDW PHQDUXK
GDJDQJDQDWDXEDUDQJSULEDGL
 +LGUDQ GDODP NRQGLVL EDLN QDPXQ WLGDN
VLDSSDNDLNDUHQDWHUNXQFL
 +LGUDQ PXGDK WHUOLKDW QDPXQ VXOLW























/DQWDL  +LGUDQ GDODP NRQGLVL EDLN QDPXQ WLGDN
VLDSSDNDLNDUHQDWHUNXQFL
 +LGUDQ WLGDN EHUODEHO WXOLVDQ
³+<'5$17´
 +LGUDQPXGDKGLOLKDWPXGDKGLMDQJNDX




 +LGUDQ GDODP NRQGLVL EDLN QDPXQ WLGDN
VLDSSDNDLNDUHQDWHUNXQFL




 +LGUDQ GDODP NRQGLVL EDLN QDPXQ WLGDN
VLDS SDNDLNDUHQDWHUNXQFL






 +LGUDQ PHQMDGL WHPSDW PHQDUXK
GDJDQJDQDWDXEDUDQJSULEDGL
6HEDJLDQEHVDUNRWDNKLGUDQPXGDKGLOLKDWPXGDKGLMDQJNDX GDQWLGDNWHUKDODQJROHK
EHQGD DSDSXQ GDQ EHEHUDSD KLGUDQ GLVHOXUXK ODQWDL DGD \DQJ VXOLW WHUOLKDW DWDX VXOLW
GLMDQJNDXNDUHQDWHUKDODQJROHKEDUDQJGDJDQJDQDWDXEHQGDDSDSXQ +LGUDQJHGXQJ GLFDW
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 7HUVHGLD KLGUDQ GDODP






 .XUDQJ6HVXDL ϱϬ ϵ͕ϰϱ
 .RWDN KLGUDQ GDQ
VDPEXQJDQVODQJKDUXV
WHUOHWDN WLGDN NXUDQJ
GDUL  P DWDX OHELK
GDUL  P GL DWDV
SHUPXNDDQODQWDL
.RWDN KLGUDQ WHUOHWDN
WLGDN NXUDQJ GDUL 
P DWDX OHELK GDUL 
P GL DWDV SHUPXNDDQ
ODQWDL

























 6HVXDL ϭϬϬ ϱ͕ϭ
 .DSDVLWDV SHUVHGLDDQ
















  Ͳ Ͳ















 7LGDNDGD Ϭ Ϭ



































KLGUDQVXOLW WHUOLKDW WHUKDODQJROHKEHQGDGDQ MXPODKKLGUDQSHU ODQWDLQ\DNXUDQJVHVXDL
GHQJDQSHUKLWXQJDQUXPXVHPSLULV2OHKNDUHQDLWXUHNRPHQGDVL\DQJGLEHULNDQXQWXNVXE









SDGD UXDQJDQ WRLOHW UXDQJ XWLOLWDV UXDQJ SHQJHOROD UXDQJ NHDPDQDQ PXVKROD WDQJJD
GDUXUDWGDQGLEDZDKDWDSYRLG 6LVWHPVSULQNOHU\DQJGLJXQDNDQDGDODKZHWULVHUV\VWHP
\DLWX SLSD \DQJ EHULVL DLU \DQJ EHUWHNDQDQ ,QVWDODVL VSULQNOHU VXGDK GLFDW ZDUQD PHUDK
QDPXQNDUHQDWLGDNDGDQ\DSHUDZDWDQDGDEHEHUDSDEDJLDQLQVWDODVL \DQJZDUQDQ\DVXGDK






















/DQWDL EDVHPHQWPHPLOLNL MXPODK WLWLN VSULQNOHU WHUEDQ\DN \DLWX  EXDK VSULQNOHU
GHQJDQMDUDNUDWDUDWDDQWDU NHSDODVSULQNOHUDGDODKPHWHU-DUDNGDULNHSDODVSULQNOHUNH
GLQGLQJOHELKGDULPHWHUGDQMDUDNVSULQNOHUGHQJDQNRORPNXUDQJGDULPHWHUGDQ




GDQ NRQGLVL NHSDOD VSULQNOHU EDQ\DN \DQJ WHUWXWXSL ROHK GHEX WHWDSL KDO WHUVHEXW GDSDW


























*DPEDU 3HQHPSDWDQWLWLN HNVLVWLQJ VSULQNOHUSDGDODQWDL
/DQWDL  PHPLOLNLVSULQNOHUGHQJDQMXPODKEXDKGDQMDUDNDQWDUDNHSDODVSULQNOHU
EHUEHGDEHGDGHQJDQMDUDNWHUMDXKDGDODKPHWHUGDQ UDWDUDWD MDUDNWHUGHNDWDQWDUNHSDOD




















































/DQWDL%DVHPHQW 3LSD VSULQNOHU GLMDGLNDQ
WHPSDW JDQWXQJ EDUDQJ
GDJDQJDQ
7HUGDSDWDQ LNDWDQ WDOL UDIILD
SDGDNHSDODVSULQNOHU
/DQWDL6DWX 6SULQNOHU DGD \DQJ PDVLK
GLVHJHO VHKLQJJD WLGDN GDSDW
GLIXQJVLNDQ
/DQWDL'XD .HSDOD VSULQNOHU GL GHNDW
UXDQJ SDQHO NHEDNDUDQ WLGDN
DGD
8QWXNPHQJHWDKXLNHVHVXDLDQGHQJDQSHUDWXUDQGDQQLODLNHDQGDODQ\DQJGLSHUROHKROHK
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 6HVXDL ϭϬϬ ϭϵ͕ϴ










 6HVXDL ϭϬϬ ϭϵ͕ϴ








 &XNXS6HVXDL ϳϱ ϭϯ͕Ϭϱ
 -DUDN NHSDOD VSULQNOHU NH
GLQGLQJ WLGDN EROHK NXUDQJ
GDUL  PHWHU XQWXN JHGXQJ
WLGDNGLOHQJNDSLODQJLWODQJLW







 &XNXS6HVXDL ϳϱ ϲ͕ϰϱ









 6HVXDL ϭϬϬ ϱ͕ϲ
 $SDELOD SHQHPSDWDQ
VSULQNOHU WLGDN EHEDV GDUL
NRORP GDQ MDUDN VSULQNOHU
WHUKDGDS NRORP NXUDQJ GDUL
 P PDND KDUXV
GLWHPSDWNDQ VHEXDK
VSULQNOHU WDPEDKDQ GHQJDQ





 P GDUL NRORP
WLGDN WHUGDSDW
VSULQNOHUWDPEDKDQ
 7LGDN6HVXDL Ϯϱ Ϯ͕ϭϱ








 7LGDN6HVXDL Ϯϱ Ϯ͕ϭϱ
 -DUDN PDNVLPXP DQWDU
VSULQNOHU XQWXN EDKD\D
NHEDNDUDQULQJDQGDQVHGDQJ






 .XUDQJ6HVXDL ϱϬ ϱ͕ϵ


























'DUL KDVLO SHUEDQGLQJDQ WHUVHEXWPDND QLODL NHDQGDODQ NHVHODPDWDQ NHEDNDUDQ \DQJ
GLGDSDWNDQXQWXNVXENRPSRQHQVSULQNOHUDGDODKFXNXS& GHQJDQVNRU
) 6LVWHP3HPDGDP/XDSDQ
%HUGDVDUNDQ KDVLO REVHUYDVL GDQ ZDZDQFDUD 3DVDU $QGLU .RWD %DQGXQJ EHOXP
PHQHUDSNDQVLVWHPSHPDGDPOXDSDQSDGDUXDQJWDQJJDQDPXQVXGDKPHQHUDSNDQVLVWHP
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 7LGDNDGD Ϭ Ϭ













 7LGDNDGD Ϭ Ϭ
-80/$+ Ϭ
'DULKDVLOSHUEDQGLQJDQ WHUVHEXWPDNDQLODLNHDQGDODQNHVHODPDWDQNHEDNDUDQXQWXN




SHPEXDQJDQXGDUDSDQDVPHQJJXQDNDQH[KDXVW IDQ SDGD WLDS ODQWDLQ\D\DQJGLKLGXSNDQ








































































































%HUGDVDUNDQ KDVLO ZDZDQFDUD GDQ WHODDK GRNXPHQ 3DVDU $QGLU %DQGXQJ PHPLOLNL























PDVLK EHNHUMD VHFDUD PDQXDO 2OHK NDUHQD LWX DSDELOD WHUMDGL NHEDNDUDQ GDQ WHUMDGL
SHPDGDPDQXQWXNPHPEXDW SRPSDSRPSDNHEDNDUDQGDSDWEHNHUMDVHVHRUDQJSHUOXGDWDQJ
NHUXDQJJHQVHWGDQPHQJKLGXSNDQJHQVHWQ\D















 6HVXDL ϭϬϬ ϯϵ͕ϱ
 'D\DOLVWULNGDUXUDWGLSHUROHK
VHNXUDQJNXUDQJQ\D GXD






 &XNXS6HVXDL ϳϱ ϭϮ͕ϲ
 6XPEHU GD\D OLVWULN GDUXUDW
KDUXV GLUHQFDQDNDQ GDSDW





 .XUDQJ6HVXDL ϱϬ ϵ͕ϵ





GHWHNVL GDQ DODUP V\VWHP
SLSD WHJDN GDQ KLGUDQ
VSULQNOHU SHQJHQGDOLDQ DVDS

































EHOXPPHPHQXKLSHUV\DUDWDQGDUL VWDQGDU \DQJEHUODNX2OHKNDUHQD LWXQLODLNHDQGDODQ
NHVHODPDWDQNHEDNDUDQ\DQJGLGDSDWNDQDGDODK&GHQJDQVNRU
- /LIW.HEDNDUDQ
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 7LGDNDGD Ϭ Ϭ
 %XNDDQ SDGD GLQGLQJ
UXDQJDQ GHQJDQ UXDQJ
GDODP EDQJXQDQ JHGXQJ











 7LGDNDGD Ϭ Ϭ









 7LGDNDGD Ϭ Ϭ
-80/$+ Ϭ





NHOXDU 3DVDU $QGLU .RWD %DQGXQJ KDQ\D PHPLOLNL FDKD\D GDUXUDW EHUXSD ODPSX \DQJ
VXPEHU GD\DQ\D EHUDVDO GDUL JHQVHW GDQ FDKD\D GDUXUDW WHUVHEXW KDQ\D WHUOHWDN GL DUHD
NRULGRU VHFDUD DFDN DWDX WHUVHEDU $NDQ WHWDSL SHQFDKD\DDQ GDUXUDW XQWXN NLRV VHQGLUL






















SDGD JDPEDU  \DLWX EHUWXOLVNDQ DUDK H[LW GDQ WLGDN GLOHQJNDSL GHQJDQ SHQFDKD\DDQ
3HPDVDQJDQSHWXQMXNGLWHPSDWNDQ GHQJDQFDUDGLJDQWXQJGHQJDQNDZDW SDGDSLSDVSULQNOHU
KLGUDQDWDXNDEHO WUD\ GLGDODPJHGXQJVHKLQJJD ELVD VDMD DUDKSHWXQMXNGDSDWEHUXEDK





































































































6DPDVHSHUWL ODQWDL ODLQQ\DSHQHPSDWDQSHWXQMXNDUDK MDODQNHOXDU ODQWDL  WHUVHEDU
WLGDNGLOHWDNNDQSDGDWLDSSHUWHPXDQMDOXUGDQWLGDNPHQJDUDKNDQSDGDWDQJJD$UDKMDOXU



























































 6HVXDL ϭϬϬ ϭϮ͕ϭ
 3HQFDKD\DDQ GDUXUDW
GLSDVDQJ GLVHWLDS ODQWDL
GHQJDQ OXDV ! P












GDQ VHVXDL VHKLQJJD ELOD













EHUWDKDQ OHELK GDUL 
MDP























 6HVXDL ϭϬϬ ϴ͕ϳ
 6HWLDS WDQGD HNVLW
GLOHQJNDSL SHQHUDQJDQ






 7LGDN6HVXDL Ϭ Ϭ
 7DQGD GLSDVDQJ GL WHPSDW

































































 7LGDNVHVXDL Ϯϱ Ϯ
-80/$+ ϲϱ͕ϴϱ
'DUL KDVLO SHUEDQGLQJDQ WHUVHEXW SHQHUDSDQ FDKD\D GDUXUDW GDQ SHWXQMXN DUDK MDODQ



















 'HWHNVLGDQ$ODUP .    
 6LDPHV&RQQHFWLRQ %    
 3HPDGDP$SL5LQJDQ &    
 +LGUDQ*HGXQJ .    
 6SULQNOHU %    
 6LVWHP3HPDGDP/XDSDQ .    
 3HQJHQGDOL$VDS .    
 'HWHNVL$VDS .    
 3HPEXDQJDQ$VDS .    




&    
 /LVWULN'DUXUDW &    
 5XDQJ3HQJHQGDOL2SHUDVL .    





















\DQJ EHOXP WHUGDSDW SDGD EDQJXQDQ VHKLQJJD VXE NRPSRQHQ \DQJ GLSHQWLQJNDQ XQWXN






















 6HVXDL ϭϬϬ ϰϮ͕ϵ
 /XDV EDQJXQDQ OHELK








GDUL  P GLSDVDQJ
VLVWLPSHPEXDQJDQDVDS




















38 1R  7DKXQ
 OHEDU PDVXN






























VHPHQ VHKLQJJD VDDW WHUMDGL NHEDNDUDQ GLQGLQJ GDSDW EHUWDKDQ DQWDUD  KLQJJD  MDP
WHUJDQWXQJNHWHEDODQGDQNRQVWUXNVLGLQGLQJ 3HOLQJNXS NRQVWUXNVL NRORPEDORNODQWDLGDQ
WDQJJD WHUEXDWGDULEHVL WXODQJDQ\DQJGLFRUEHWRQVHKLQJJDHOHPHQSHPEHQWXN WHUVHEXW
OHELK WDKDQ WHUKDGDS DSL VHODPD  MDP 6HPHQWDUD LWX SHOLQJNXS NRQVWUXNVL DWDS DGDODK
NDQRSLSRO\FDUERQDWH GDQDVEHVVHPHQGHQJDQUDQJNDWHUEXDWGDULEHVLSLSD
%HUGDVDUNDQXUDLDQ WHUVHEXW GDSDW GLVLPSXONDQ EDKZD WLSH NRQVWUXNVL \DQJGLPLOLNL
DGDODKWLSH$NDUHQDEDKDQ EDQJXQDQDWDXEDKDQNRQVWUXNVL SDVDUGDULPDWHULDOGHQJDQPXWX









6HFDUDNHVHOXUXKDQ KDVLO LQVSHNVL YLVXDO WHUKDGDSHOHPHQ VWUXNWXU FXNXSEDLN WHWDSL























































'LQGLQJ WHUEXDW GDUL EDWX
EDWD \DQJ GLODSLVL VHPHQ
VHKLQJJD GDSDW EHUWDKDQ 
KLQJJDMDPEDKDQODQWDL
WHUEXDW GDUL FRU EHWRQ GDQ
NHUDPLN \DQJ GDSDW
EHUWDKDQ  MDP 1DPXQ









 &XNXS6HVXDL ϳϱ Ϯϰ͕ϵϳϱ
-80/$+ ϵϭ͕ϱϳϱ
'LOLKDW GDUL 7DEHO  VXE NRPSRQHQ NHWDKDQDQ DSL VWUXNWXU EDQJXQDQ GHQJDQ
PHPHQXKLSHUDWXUDQ\DQJWHUNDLW$NDQWHWDSLVWUXNWXUSHUOXGLODSLVL FRUNHPEDOL PHQJLQJDW
VHMDUDK EDQJXQDQ SHUQDK PHQJDODPL NHEDNDUDQ 2OHK NDUHQD LWX QLODL NHDQGDODQ
NHVDODPDWDQNHEDNDUDQ \DQJGLSHUROHKDGDODKGDODPNDWHJRULEDLN GHQJDQ QLODL
& 3HUOLQGXQJDQ%XNDDQ
%HUGDVDUNDQ SHQJDPDWDQ EDQJXQDQ 3DVDU $QGLU .RWD %DQGXQJ EHOXP PHPLOLNL
SHUOLQGXQJDQEXNDDQ\DQJGLEHULSHQXWXSDWDXSHQ\HWRSWDKDQDSL7DQJJD\DQJGLMDGLNDQ
VHEDJDLMDODQNHOXDUDWDXHYDNXDVLVDDWWHUMDGLNHEDNDUDQWLGDNGLEHULSLQWXNHEDNDUDQGDQ
SLQWX WDQJJDPHUXSDNDQ SLQWX IROGLQJ JDWH DWDX SLQWX KDUPRQLND \DQJ WHUEXDW GDUL EHVL
VHKLQJJDDSLGDSDWPHUDPEDWNH DUHDWDQJJD
*DPEDU 3LQWXKDUPRQLNDSDGDWDQJJD





















*DPEDU  PHQXQMXNNDQEDKZDEXNDDQKDPSLU WHUOHWDN GLVHOXUXKNHOLOLQJ WDQJJD
7RWDOOXDVEXNDDQNDFDSDGDWDQJJDDGDODKP GHQJDQSHUEXNDDQNDFD PHPLOLNLOHEDU
PHWHUGDQWLQJJLPHWHU 8QWXNPHQJHWDKXLEHQWXNOLQWDVDQDSLNHWLNDMHQGHOD SHFDK
PDND KDUXV GLNHWDKXL SDUDPHWHU Q WHUOHELK GDKXOX GHQJDQ PHQJJXQDNDQ UXPXV VHPL
HPSLULV VHEDJDLEHULNXW








%HUGDVDUNDQ UXPXV WHUVHEXW PDND EXNDDQ MHQGHOD SDGD WDQJJD PHPLOLNL SDUDPHWHU








































































 7LGDN6HVXDL Ϭ Ϭ

















































 7LGDN6HVXDL Ϯϱ ϴ͕ϱ
-80/$+ Ϯϲ͕ϬϮϱ
'DUL KDVLO SHUEDQGLQJDQ WHUVHEXW SHUOLQGXQJDQ EXNDDQ 3DVDU $QGLU .RWD %DQGXQJ










































   
 3HUOLQGXQJDQ%XNDDQ .    
%RERW6LVWHP3URWHNVL3DVLI  727$/ 
7DEHO  PHQMHODVNDQ EDKZD QLODL VXE NRPSRQHQ VLVWHP SURWHNVL SDVLI WHUHQGDK




VLVWHP SURWHNVL SDVLI PDND VXE NRPSRQHQ \DQJ GLSHUEDLNL GDQ GLOHQJNDSL DGDODK VXE
NRPSRQHQNRPSDUWHPHQLVDVLUXDQJGDQSHUOLQGXQJDQEXNDDQ




$QGLU .RWD %DQGXQJ \DQJ GLGDSDW EHUGDVDUNDQ WDWD FDUD SHPHULNVDDQ NHVHODPDWDQ
NHEDNDUDQ EDQJXQDQ JHGXQJ PHQXUXW 3G7& +DVLO SHQLODLDQ GDQ VWDQGDU
SHQLODLDQVNRUQLODLGLGDSDWNDQGDUL SHPERERWDQSDGD3HPEDKDVDQ 
3HUKLWXQJDQ1LODL .HDQGDODQ 6LVWHP.HVHODPDWDQ %DQJXQDQ 1.6.% 3DVDU $QGLU























1R .6.% 35(6(17$6( 1,/$,
 .HOHQJNDSDQ7DSDN  
 6DUDQD3HQ\HODPDWDQ  
 6LVWHP3URWHNVL$NWLI  
 6LVWHP3URWHNVL3DVLI  
1,/$,.($1'$/$1 
%HUGDVDUNDQ DQDOLVLV WHUVHEXW NRPSRQHQ \DQJ SDOLQJ NXUDQJ QLODL NHDQGDODQQ\D
GLEDQGLQJNDQ\DQJODLQDGDODKNRPSRQHQNHOHQJNDSDQWDSDNGHQJDQQLODLNHDQGDODQ
GDULPHQGDSDWNDQSUHVHQWDVHGDQVLVWHPSURWHNVLDNWLIGHQJDQQLODLNHDQGDODQ
GDUL  PHQGDSDWNDQ SHUVHQWDVH  6HPHQWDUD LWX QLODL WHUWLQJJL GLGDSDWNDQ ROHK





 5HNRPHQGDVL 3HQLQJNDWDQ.HDQGDODQ .HEDNDUDQ 3DVDU
%HUGDVDUNDQ SHUEDQGLQJDQ NRQGLVL HNVLVWLQJ GHQJDQ SHUDWXUDQ VWDQGDU WHUNDLW GDQ
SHUPDVDODKDQ \DQJVXGDKGLEDKDVSDGDSHPEDKDVDQVHEHOXPQ\DPDNDEHULNXWPHUXSDNDQ
UHNRPHQGDVL VROXVL DUVLWHNWXUDO SHQLQJNDWDQ NHDQGDODQ NHVHODPDWDQ NHEDNDUDQ EDQJXQDQ




ELD\D SHUDQFDQJDQ GDQ SHODNVDQDDQ OHELK PXUDK GLEDQGLQJNDQ VXE NRPSRQHQ ODLQQ\D


























PHQLQJNDWNDQ QLODL NHDQGDODQ VXE NRPSRQHQ NHOHQJNDSDQ WDSDN ODLQQ\D VHSHUWL KLGUDQ













\DQJ DNDQ GLEDKDV VHODQMXWQ\D NDSDVLWDV DLU \DQJ GLEXWXKNDQ XQWXN  PHQLW PHQMDGL
P DWDXNXUDQJOHELKP2OHKNDUHQDLWXNDSDVLWDVDLU\DQJNXUDQJDGDODK
P VHKLQJJD UHNRPHQGDVLSHQDPEDKDQNDSDVLWDVDLU\DQJGLEHULNDQSDGDSHPEDKDVDQ LQL






















3HOHWDNDQSHQHPSDWDQWDQGRQGHQJDQXNXUDQP[ P [  PGLWLWLNWHUVHEXWVHODLQ
NDUHQDEHUGHNDWDQGHQJDQHNVLVWLQJJURXQG ZDWHUWDQN GDQGHHSZHHOQDPXQMXJDEHUGHNDWDQ
GHQJDQMDOXUSHPDGDPNHEDNDUDQ /LKDW*DPEDU













































































%HUGDVDUNDQ UHNRPHQGDVL WHUVHEXW PDND QLODL NHDQGDODQ VXE NRPSRQHQ MDODQ
OLQJNXQJDQ PHQJDODPL NHQDLNDQ VHEHVDU  SRLQ 7DEHO  PHUXSDNDQ SHQMDEDUDQ




































 ϭϬϬ ϭϬϬ ϯϬ
/DSLVSHUNHUDVDQPLQLPDOOHEDUPHWHU
GDQSDQMDQJPLQLPDOPHWHU
 ϬΎ ϭϬϬ ϭϴ
/DSLVSHUNHUDVDQKDUXVGLEXDWGDULPHWDO
SDYLQJEORNODSLVDQ\DQJGLSHUNXDWDJDU
GDSDW PHQ\DQJJD EHEDQ SHUDODWDQ
SHPDGDPDQNHEDNDUDQ
 ϭϬϬ ϭϬϬ ϮϬ
-DUDN ODSLV SHUNHUDVDQ /3 GDQ MDOXU
DNVHV WLGDN EROHK OHELK GDUL  PHWHU
ELOD PHOHELKL KDUXV GLEHUL IDVLOLWDV
EHORNDQ
 ϬΎ ϭϬϬ ϳ
-DUDNODSLVSHUNHUDVDQGHQJDQEDQJXQDQ
PLQLPDOPHWHUGDQPDNVLPDOPHWHU
 ϬΎ ϭϬϬ ϮϬ
3DGD VXGXW DUHD ODSLV SHUNHUDVDQ XQWXN
PRELO SHPDGDP KDUXV GLEHUL WDQGD
GHQJDQ ZDUQD \DQJ NRQWUDV GHQJDQ
ZDUQDSHUPXNDDQODSLVDQSHQXWXSWDQDK
GDQGLEHULSHQDQGD






.RQGLVL HNVLVWLQJ NHOHQJNDSDQ WDSDN 3DVDU $QGLU PHPLOLNL MDODQPDVXN \DQJ GDSDW
GLDNVHVROHKPRELOSHPDGDPNHEDNDUDQQDPXQSDGD MDODQOLQJNXQJDQWHUGDSDWMDODQ\DQJ
WLGDN GDSDW GLDNVHV \DLWX GDHUDK EDUDW GDQ VHODWDQ EDQJXQDQ OLKDW SHPEDKDVDQ *DPEDU
0DNDKLGUDQKDODPDQ\DQJWHUOHWDNGLEDUDWEDQJXQDQWLGDNGDSDWGLDNVHVROHKPRELO






































































 ϭϬϬ ϭϬϬ ϭϳ
7LDSEDJLDQGDULMDOXUXQWXNDNVHVPRELO
SHPDGDP GL ODKDQ EDQJXQDQ JHGXQJ
KDUXVGDODPMDUDNEHEDVKDPEDWDQP
GDUL KLGUDQNRWD%LODKLGUDQ NRWD WLGDN
WHUVHGLD DWDX OHELK GDUL  P WHUKDGDS
MDOXU PDND KDUXV GLVHGLDNDQ KLGUDQ
KDODPDQ
 ϭϬϬ ϭϬϬ ϭϲ
3DVRNDQDLUXQWXNKLGUDQKDODPDQKDUXV
VHNXUDQJ NXUDQJQ\D  OLWHUGHWLN SDGD
WHNDQDQ  EDU VHUWD PDPSX
PHQJDOLUNDQ DLU PLQLPPDO VHODPD 
PHQLW
 ϳϱΎ ϭϬϬ ϭϯ
6HODQJKLGUDQEHUGLDPHWHUPDNVLPDO
LQFKGHQJDQSDQMDQJPHWHU




 ϳϱΎ ϭϬϬ Ϯϰ
7HUGDSDW SHWXQMXN SHQJJXQDDQ \DQJ
GLSDVDQJ SDGD WHPSDW \DQJ PXGDK
WHUOLKDW
 Ϭ ϭϬϬ ϰ
+LGUDQ KDUXV PHPSXQ\DL VHODQJ
VDPEXQJDQ VHODQJ QR]]OH SHPDQFDU
DLUNHUDQSHPEXNDVHUWDNRSOLQJ\DQJ
VHVXDL GHQJDQ VDPEXQJDQ GLQDV
SHPDGDPNHEDNDUDQ
























SHPDGDP NHEDNDUDQ GHNDW GHQJDQ DNVHV MDODQ UD\D GDQ DUHD WHUVHEXW MXJD EHUGHNDWDQ
GHQJDQSRVNHDPDQDQ\DQJEHUDGDGLEORN$GLODQWDLGDVDU7LWLNNXPSXOSDGDDUHDLQL
WHUVHGLDP\DQJPDPSXPHQDPSXQJNDSDVLWDVRUDQJ
%HUGDVDUNDQ UHNRPHQGDVL WHUVHEXWPDNDQLODL NHDQGDODQ VXENRPSRQHQ WLWLNNXPSXO
DGDODK  GHQJDQ SUHVHQWDVH  GDUL ERERW  7DEHO  PHUXSDNDQ SHQMDEDUDQ






































FXNXS OXDV XQWXN PHQDPSXQJ VHOXUXK
RUDQJ
 Ϭ ϭϬϬ ϯϭ
7HUGDSDW SHWXQMXN VLJQDJH WHPSDW
EHUNXPSXO

















 6XPEHU$LU %    
 -DODQ/LQJNXQJDQ .    
 7LWLN.XPSXO %    
 +LGUDQ+DODPDQ &    
%RERW.HOHQJNDSDQ7DSDN  727$/ 












%HUGDVDUNDQ%ULWLVK 6WDQGDUG %DJLDQ 7DKXQPHQJHQDL WDQGD SHWXQMXN






















3HWXQMXN MDODQ NHOXDU GDQ SLQWX HNVLW \DQJ GLUHNRPHQGDVLNDQ DGDODK SHWXQMXN \DQJ


























*DPEDU  PHQMHODVNDQ PHQJHQDL SHPEDJLDQ ]RQD VLUNXODVL XQWXN SHQ\HODPDWDQ
NHEDNDUDQ SDGD ODQWDL EDVHPHQW GHQJDQ WXMXDQ DJDU VHWLDS OHEDU SLQWX DWDX WDQJJD \DQJ
GLPLOLNLGDSDW PHOD\DQLEHEDQKXQLDQWHUHYDNXDVLVHODPDPHQLWVHWHODKGLNHWDKXLDGDQ\D





















*DPEDU PHUXSDNDQ UHNRPHQGDVL MDOXU VLUNXODVL GDQ SHQHPSDWDQ SHWXQMXN DUDK
MDODQ NHOXDU \DQJ WHODK PHQ\HVXDLNDQ ]RQDVL SDGD *DPEDU  -DOXU VLUNXODVL XWDPD
GLMHODVNDQGHQJDQVLUNXODVLEHUZDUQDNXQLQJ&RQWRKJDPEDUDQMDOXUVLUNXODVLXWDPDOLKDW
SDGD*DPEDU6HODLQLWXMXPODKSHWXQMXN\DQJGLSDVDQJGLODQWDLEDVHPHQWDGDODK












































GDSDW PHOD\DQL EHEDQ KXQLDQ WHUHYDNXDVL VHODPD  PHQLW VHWHODK GLNHWDKXL DGDQ\D





















*DPEDU PHUXSDNDQ UHNRPHQGDVL MDOXU VLUNXODVL GDQ SHQHPSDWDQ SHWXQMXN DUDK
MDODQ NHOXDU \DQJ WHODK PHQ\HVXDLNDQ ]RQDVL SDGD *DPEDU  -DOXU VLUNXODVL XWDPD
GLMHODVNDQGHQJDQVLUNXODVLEHUZDUQDPHUDK&RQWRKJDPEDUDQ MDOXUVLUNXODVLXWDPD OLKDW
SDGD*DPEDU -XPODKSHWXQMXN\DQJGLSDVDQJDGDODKEXDK OHELKVHGLNLW DSDELOD
GLEDQGLQJNDQGHQJDQODQWDLEDVHPHQWNDUHQDODQWDLGDVDUEHUVLIDW WHUEXND WLGDNPHPLOLNL























*DPEDU  PHQMHODVNDQ PHQJHQDL SHPEDJLDQ ]RQD VLUNXODVL XQWXN SHQ\HODPDWDQ
NHEDNDUDQSDGD ODQWDLGHQJDQ WXMXDQDJDUVHWLDS OHEDUSLQWXDWDX WDQJJD \DQJGLPLOLNL
GDSDW PHOD\DQL EHEDQ KXQLDQ WHUHYDNXDVL VHODPD  PHQLW VHWHODK GLNHWDKXL DGDQ\D





















*DPEDU PHUXSDNDQ UHNRPHQGDVL MDOXU VLUNXODVL GDQ SHQHPSDWDQ SHWXQMXN DUDK
MDODQ NHOXDU \DQJ WHODK PHQ\HVXDLNDQ ]RQDVL SDGD *DPEDU  -DOXU VLUNXODVL XWDPD
GLMHODVNDQGHQJDQVLUNXODVLEHUZDUQDPHUDK&RQWRKJDPEDUDQ MDOXUVLUNXODVLXWDPD OLKDW
SDGD*DPEDU-XPODKSHWXQMXN\DQJGLSDVDQJDGDODKEXDK\DQJGLWHPSDWNDQSDGD























*DPEDU  PHQMHODVNDQ PHQJHQDL SHPEDJLDQ ]RQD VLUNXODVL XQWXN SHQ\HODPDWDQ
NHEDNDUDQSDGD ODQWDLGHQJDQ WXMXDQDJDUVHWLDS OHEDUSLQWXDWDX WDQJJD \DQJGLPLOLNL
GDSDW PHOD\DQL EHEDQ KXQLDQ WHUHYDNXDVL VHODPD  PHQLW VHWHODK GLNHWDKXL DGDQ\D





















*DPEDU PHUXSDNDQ UHNRPHQGDVL MDOXU VLUNXODVL GDQ SHQHPSDWDQ SHWXQMXN DUDK
MDODQ NHOXDU \DQJ WHODK PHQ\HVXDLNDQ ]RQDVL SDGD *DPEDU  -DOXU VLUNXODVL XWDPD






6HODLQ UHNRPHQGDVL WHUVHEXW GLDGDNDQ MXJDSHQJDGDDQ WDQJJD GDUXUDW WDPEDKDQ GDQ
SHQDPEDKDQSHQDQGDDQWLQJNDWDQODQWDL
*DPEDU 5HNRPHQGDVLSHQJDGDDQWDQJJDGDUXUDW
7DQJJD GDUXUDW WDPEDKDQ GLOHWDNNDQ GL EDJLDQ OXDU EDQJXQDQ WLGDN PHQJJXQDNDQ
WDQJJDHNVLVWLQJ\DQJVXGDKDGDNDUHQDMLNDPHQJJXQDNDQWDQJJD\DQJVXGDKDGDMXPODK



















ODQWDLQ\D7DQJJDGDUXUDW WDPEDKDQPHPLOLNLSDQMDQJDQDN WDQJJD PHWHU OHEDU DQDN










































7HUGDSDW VDUDQD MDODQ NHOXDU
\DQJ GDSDW EHUIXQJVL GHQJDQ
EDLN EHEDV KDPEDWDQ DWDX
ULQWDQJDQ
 ϳϱΎ ϭϬϬ ϵ͘ϴ
-DODQ NHOXDU EHUXSD PHPLOLNL
OHEDUPLQLPDOP
 ϳϱ ϳϱ ϱ͘ϬϮϱ
-XPODK MDODQ NHOXDU PLQLPDO 
EXDK GHQJDQ WLQJJL HIHNWLI 
PHWHU
 ϭϬϬ ϭϬϬ ϲ͘ϱ
-DUDN WHPSXK PDNVLPDO GDUL
VHOXUXK UXDQJ PHQXMX SLQWX
NHOXDU XQWXN KXQLDQ
SHUGDJDQJDQ \DQJ VXGDK DGD
DGDODKPHWHUELODEHUVSULQNOHU
GDQPHWHUELODWDQSDVSULQNOHU
 ϮϱΎ ϭϬϬ ϲ͘Ϯ
6HWLDS SLQWX SDGD VDUDQD MDODQ
NHOXDUKDUXVGDULHQJVHOVLVLDWDX
SLQWX D\XQ GDQ KDUXVPHQFDSDL
WHUEXNDSHQXK






NHOXDU PLQLPDO PHPLOLNL OHEDU
 FP GDQ MLND PHQJJXQDNDQ
SDVDQJDQ GDXQ SLQWX VDODK VDWX
GDXQSLQWXPLPLOLNLOHEDUFP
 ϭϬϬ ϭϬϬ ϯ͘Ϯ
7HUGDSDW WDQGD SHWXQMXN MDODQ
EHUXSDSDSDQZDUQDGDVDUKLMDX
GHQJDQ WXOLVDQ EHUZDUQD SXWLK
EHUWXOLVNDQ³-$/$1.(/8$5´
DWDX³(;,7´GHQJDQSDQDK
 ϳϱΎ ϭϬϬ ϰ͘Ϯ
'LVHGLDNDQ OREE\ EHEDV DVDS
GHQJDQ 7.$  WHUGDSDW
SLQWX NHOXDU GLEHUL WHNDQDQ
SRVLWLI
 Ϭ Ϭ Ϭ
([LWPHQXMXUXDQJWHUEXNDEHEDV
KDODQJDQ
 ϳϱΎ ϭϬϬ ϵ͘ϰ
7HUGDSDW SHWXQMXN DUDK WHPSDW
EHUNXPSXO
 Ϭ ϭϬϬ ϱ͘ϲ
6HWLDSWDQJJDGDUXUDWPHQXMXNH
MDODQNHOXDUDWDXUXDQJWHUEXND




 ϱϬΎ ϭϬϬ ϱ͘ϯ
7LQJJL DQDN WDQJJD GDUXUDW
PLQLPDO  FP PDNVLPXP 
FP OHEDU SLMDNDQ DQDN WDQJJD
DGDODKPLQLPDOFP
 ϭϬϬ ϭϬϬ Ϯ͘ϭ
.HWLQJJLDQPDNVLPXPDQWDU
ERUGHVWDQJJDDGDODKP






























DWDX GLEDZDK WLQJJL SHJDQJDQ
WDQJDQ WLDS VLVLQ\D WLGDN OHELK
GDULFPDGDODKFP
 ϭϬϬ ϭϬϬ Ϯ͘ϯ
0HPLOLNLWLQJJLGDULDQDNWDQJJD
KLQJJD NHPLULQJDQ DQDN WDQJJD
PLQLPDOP





/HEDU WDQJJD GDQ ERUGHV DQWDU
WDQJJD KDUXV VDPD WDQSD
SHQJXUDQJDQ OHEDU VHSDQMDQJ
DUDKOLQWDVDQMDODQNHOXDU
 ϭϬϬ ϭϬϬ Ϯ͘ϯ
7LQJJLKDQGUDLOV PLQLPDOFP
GDQ PDNVLPDO  FP GLDWDV
SHUPXNDDQDQDNWDQJJD




















 ϭϬϬ ϭϬϬ Ϯϲ͘Ϯ
7HUGDSDWSHQFHJDKDQSHQMDODUDQ
DVDSNHEDNDUDQ
 Ϭ ϭϬϬ ϭϵ͘ϭ
7HUGDSDW DNVHV SHPDGDP
NHEDNDUDQ PHODOXL GLQGLQJ OXDU
XQWXN RSHUDVL SHPDGDPDQ GDQ
SHQ\HODPDWDQ






NXQLQJ GHQJDQ XNXUDQ WLDS VLVL
 FP GDQ GLOHWDNDQ SDGD VLVL
OXDUGLQGLQJ















































3DGD JHGXQJ \DQJ GLSDVDQJ
VSULQNOHU RWRPDWLV MXPODKPLQ
VDI NH SHPDGDP NHEDNDUDQ
XQWXN OXDV ODQWDL PDNVLPXP 
 P DGDODK VDWX EXDK
a P DGDODK  EXDK
GDQOXDVODQWDLPDNV/HELKGDUL
 P DGDODK  EXDK GDQ
GLWDPEDK  WLDS SHQDPEDKDQ
OXDVP
 Ϭ Ϭ Ϭ
-80/$+ ϲϮ͘ϯϳϱ
 .ULWHULD\DQJGLSHUEDLNLDWDXGLOHQJNDSL
%HUGDVDUNDQ 7DEHO  QLODL VXE NRPSRQHQ VDUDQD MDODQ NHOXDU DGDODK 
PHQJDODPLNHQDLNDQVHEHVDUGDULQLODLVHEHOXP1LODLVXENRPSRQHQNRQVWUXNVLMDODQ















 -DODQ.HOXDU %    
 .RQVWUXNVL-DODQ.HOXDU &    
 /DQGDVDQ+HOLNRSWHU %    
%RERW6DUDQD3HQ\HODPDWDQ  727$/ 




5HNRPHQGDVL VLVWHP SURWHNVL DNWLI \DQJ GLEHULNDQ EHUXSD SHPHOLKDUDDQ NRPSRQHQ
VLVWHPSURWHNVLNHEDNDUDQSHQDPEDKDQMXPODK$3$5DODUPGDQGHWHNWRUVHUWDSHQJDGDDQ
VLVWHP SHPDGDP OXDSDQ OLVWULN GDQ FDKD\D GDUXUDW 5HNRPHQGDVL \DQJ GLEHULNDQ WLGDN
EHUXSD SHQDPEDKDQ DWDX UHQRYDVL SHOHWDNNDQ UXDQJ SXVDW SHQJHQGDOLDQ NHEDNDUDQ
























3HUPDVDODKDQ $3$5 \DQJ GLPLOLNL ROHK 3DVDU $QGLU .RWD %DQGXQJ DGDODK MDUDN
WHPSXK MXPODK MHQLV GDQ SHOHWDNNDQ \DQJ NXUDQJ VHVXDL GHQJDQ VWDQGDU VHUWD $3$5





VHWLQJJL  PHWHU GL DWDV ODQWDL GHQJDQ SHQDQGDDQ $3$5 VHWLQJJL  PHWHU GL DWDV
SHUPXNDDQODQWDL6HPHQWDUDXQWXNSHQHPSDWDQSHWXQMXNSHQJJXQDDQGDQLQIRUPDVLODLQQ\D





























GDQKDQ\DPHPLOLNLEXDKGHQJDQ OXDV OD\DQDQ WLDS$3$5DGDODKP NDUHQD
PHQJLQJDW KDUJDVHEXDK$3$5EXEXNNHULQJGHQJDQEHUDWNJGDSDWPHQFDSDLVDWXMXWD










































%HUGDVDUNDQ UHNRPHQGDVL WHUVHEXW PDND QLODL NHDQGDODQ VXE NRPSRQHQ $3$5
PHQJDODPLNHQDLNDQVHEHVDU SRLQ PHQMDGL7DEHO PHUXSDNDQSHQMDEDUDQ













7HUGDSDW $3$5 GHQJDQ MHQLV \DQJ
VHVXDL GHQJDQ NODVLILNDVL NHEDNDUDQ
\DQJ GDODP NRQGLVL EDLN WLGDN
H[SLUHG VHUWDVLDSSDNDL
 ϱϬΎ ϭϬϬ ϭϬ͕ϯ
6HJHO KDUXV GDODP NRQGLVL EDLN GDQ
WXWXSWDEXQJKDUXVWHUSDVDQJNXDW






3HQHPSDWDQ $3$5 GDSDW GLOLKDW





 ϳϱΎ ϭϬϬ ϭϬ͕ϯ
3HPDVDQJDQ GDQ SHQHPSDWDQ$3$5
KDUXV VHVXDL GHQJDQ MHQLV GDQ
SHQJJRORQJDQNHEDNDUDQ




















SHQJJXQDDQ WHUVHEXW DGDODK 
PHWHU GDUL GDVDU ODQWDL WHSDW GLDWDV
$3$5
 ϮϱΎ ϭϬϬ ϯ͕ϰ
$3$5GHQJDQEHUDWNXUDQJGDULNJ
GLSDVDQJ GHQJDQ NHWLQJJLDQ WLGDN
OHELKGDULPHWHU
 ϮϱΎ ϭϬϬ ϱ͕Ϯ
$3$5 \DQJ WHUOHWDN GDODP OHPDUL
WLGDN EROHK GLNXQFL NHFXDOL XQWXN
NHDPDQDQ
 ϳϱΎ ϭϬϬ ϱ͕Ϯ











VHEDJDL LQIRUPDVL QDPD SURGXN GDQ
LVLOHPEDUGDWDNHVHODPDWDQPDWHULDO
MHQLV$3$5GDIWDULGHQWLILNDVLEDKDQ
EHUDFXQ GDQ EHUEDKD\D GDQ QDPD
PDQXIDNWXUDJHQQ\D DODPDW VXUDW
VHUWDQRPRUWHOHSRQ
 ϳϱ ϳϱ ϳ͕ϳϮϱ
-XPODK $3$5 VHVXDL GHQJDQ
SHUV\DUDWDQ$3$5VHWLDSP
 ϮϱΎ ϱϬ ϱ͕ϭϱ
-DUDN WHPSXK PDNVLPXP NH $3$5
XQWXNKXQLDQEDKD\DNHEDNDUDQNHODV
$VHGDQJDGDODKP
 ϱϬΎ ϳϱ ϳ͕ϳϮϱ
-DUDN SHQHPSDWDQ DQWDU $3$5
PDNVLPDOPHWHU




3HQJDGDDQ SHQDQGD DWDX SHWXQMXN VLDPHVH FRQQHFWLRQ DJDU HOHPHQ WHUVHEXW PXGDK





















%HUGDVDUNDQ UHNRPHQGDVL WHUVHEXW PDND QLODL NHDQGDODQ VXE NRPSRQHQ VLDPHVH
FRQQHFWLRQ PHQJDODPL NHQDLNDQ VHEHVDU  SRLQ PHQMDGL  7DEHO  PHUXSDNDQ















7HUVHGLD GDQ GLWHPSDWNDQ SDGD
ORNDVL\DQJPXGDKGLMDQJNDXPRELO
SHPDGDPNHEDNDUDQNRWD
 ϭϬϬ ϭϬϬ ϳϱ
'LEHULNDQ WDQGD SHWXQMXN VHKLQJJD
PXGDKGLNHQDO





GHWHNWRUGDQPHUHORNDVL GHWHNWRU VHVXDL GHQJDQ MHQLVGHWHNWRUGDQ MHQLV UXDQJQ\D VHSHUWL























1R )XQJVL5XDQJ -HQLV'HWHNWRU6HKDUXVQ\D +DVLO-DUDN$QWDU'HWHNWRU
VHKDUXVQ\D6
 5XDQJ3RPSD 'HWHNWRU$VDS 
 .LRVNLRV 'HWHNWRU3DQDV525 
 6KDII 'HWHNWRU$VDS 
 5/LIW 'HWHNWRU$VDS 
 5XDQJ3DQHO6'3 'HWHNWRU$VDS 
/$17$,'$6$5
1R )XQJVL5XDQJ -HQLV'HWHNWRU6HKDUXVQ\D +DVLO-DUDN$QWDU'HWHNWRU
VHKDUXVQ\D6
 5XDQJ*DUGX3/1 'HWHNWRU*DV 
'HWHNWRU$VDS 
 5XDQJ*HQVHW 'HWHNWRU*DV 
 5XDQJ3DQHO 'HWHNWRU$VDS 
 .LRVNLRV 'HWHNWRU3DQDV525 
 0XVKROOD 'HWHNWRU3DQDV525 
 7DQJJD 'HWHNWRU$VDS 
 5XDQJOLIW 'HWHNWRU$VDS 
 6KDII 'HWHNWRU$VDS 
/$17$,
1R )XQJVL5XDQJ -HQLV'HWHNWRU6HKDUXVQ\D +DVLO-DUDN$QWDU'HWHNWRU
VHKDUXVQ\D6
 .LRVNLRV 'HWHNWRU3DQDV525 






 5XDQJOLIW 'HWHNWRU$VDS 
 *XGDQJ 'HWHNWRU$VDS 
 6KDII 'HWHNWRU$VDS 
/$17$,
1R )XQJVL5XDQJ -HQLV'HWHNWRU6HKDUXVQ\D +DVLO-DUDN$QWDU'HWHNWRU
VHKDUXVQ\D6
 .LRVNLRV 'HWHNWRU3DQDV525 






 5XDQJOLIW 'HWHNWRU$VDS 
 *XGDQJ 'HWHNWRU$VDS 
 6KDII 'HWHNWRU$VDS 
 5XDQJ3DQHO.HEDNDUDQ 'HWHNWRU$VDS 
%HUGDVDUNDQ UHNRPHQGDVL WHUVHEXW PDND QLODL NHDQGDODQ VXE NRPSRQHQ GHWHNWRU
PHPLOLNLNHQDLNDQSHQLODLDQVHEHVDUPHQMDGL 7DEHO PHUXSDNDQSHQMDEDUDQ
































'HWHNWRU KDUXV GLSDVDQJ GL VHOXUXK
UXDQJDQ DSDELOD GLSHUV\DUDWNDQ ROHK
VWDQGDU \DQJ EHUODNX DWDX \DQJ
GLSHUV\DUDWNDQ ROHK LQVWDQVL \DQJ
EHUZHQDQJ
 ϱϬΎ ϭϬϬ ϱ͘ϵ
'HWHNWRU  'HWHNWRUGDSDWEHUIXQJVLVHFDUDEDLN  ϭϬϬ ϭϬϬ ϭϮ͘ϰ
3HQ\HGLDDQ VLVWHP GHWHNWRU VHVXDL
GHQJDQ IXQJVL MXPODK GDQ OXDV ODQWDL
EDQJXQDQQ\D
 ϱϬ ϱϬ ϱ͘ϭϱ
-DUDNWLGDNOHELKGDULPHWHUGDULWLWLN
DODUPPDQXDO
 Ϭ Ϭ Ϭ
-DUDN DQWDUD GHWHNWRU KDUXV VHVXDL
GHQJDQ WLQJJL ODQJLWODQJLW GDQ IDNWRU
SHQJDOL




 ϭϬϬ ϭϬϬ ϯ
3HPLOLKDQ GDQ SHQHPSDWDQ MHQLV
GHWHNWRU KDUXV VHVXDL GHQJDQ IXQJVL
UXDQJDQ GDQ OXDV ODQWDL EDQJXQDQ
7DEHO
 ϳϱΎ ϭϬϬ ϴ͘ϳ
$SDELOD WHUGDSDW EDORN \DQJ PXQFXO
SDGD ODQJLWODQJLW SHQHPSDWDQ
GHWHNWRU VHVXDL GHQJDQ VWDQGDU \DQJ
GLWHQWXNDQ
 Ϯϱ Ϯϱ Ϭ͘ϵ
7LDSUXDQJDQGHQJDQOXDVODQWDLP
GDQ WLQJJL ODQJLWODQJLW PLQLPDO 
PHWHU KDUXV GLSDVDQJ VDWX EXDK
GHWHNWRUSDQDV
 ϱϬ ϱϬ Ϯ͘Ϯ
7LDSUXDQJDQGHQJDQOXDVODQWDLP
GDQ WLQJJL ODQJLWODQJLW PLQLPDO 
PHWHU KDUXV GLSDVDQJ VDWX EXDK
GHWHNWRUDVDS
 ϬΎ ϱϬ Ϯ͘Ϯ
-DUDN DQWDUD GHWHNWRU JDV WLGDN EROHK
OHELK GDUL  PHWHU XQWXN VHWLDS
UXDQJDQ HIHNWLI GDQ WLGDN EROHK OHELK
GDULPHWHUXQWXNUXDQJVLUNXODVL
 Ϭ Ϭ Ϭ
3DGD DWDS GDWDU GHWHNWRU DVDS WLGDN
EROHKGLSDVDQJSDGDMDUDNNXUDQJGDUL
 FP GDUL GLQGLQJ GDQ WLGDN EROHK
OHELKGDULFPGDULODQJLWODQJLW
 Ϭ Ϭ Ϭ
-DUDNDQWDUDGHWHNWRUDVDS WLGDNEROHK
OHELK GDUL  PHWHU XQWXN VHWLDS
UXDQJDQ HIHNWLI GDQ WLGDN EROHK OHELK
GDULPHWHUXQWXNUXDQJVLUNXODVL




 Ϭ Ϭ Ϭ
'HWHNWRU SDQDV KDUXV GLSLOLK
EHUGDVDUNDQWHPSHUDWXUNHUMD





























3DGD DWDS DWDX ODQJLWODQJLW GDWDU
SHQHPSDWDQGHWHNWRUSDQDV WLGDNEROHK
NXUDQJ GDUL  FP GDUL GLQGLQJ GDQ
WLGDNEROHKOHELKGDULFPGDULODQJLW
ODQJLW
 ϭϬϬ ϭϬϬ ϯ͘ϳ
-DUDNDQWDUDGHWHNWRUSDQDV WLGDNEROHK
OHELKGDULPHWHUXQWXNVHWLDSUXDQJDQ
HIHNWLI GDQ WLGDN EROHK OHELK GDUL 
PHWHUXQWXNUXDQJVLUNXODVL
 ϳϱ ϳϱ ϯ͘ϯϳϱ
-DUDN GHWHNWRU SDQDV GHQJDQ GLQGLQJ
SHPEDWDV SDOLQJ  MDXK  PHWHU XQWXN
UXDQJHIHNWLIGDQPHWHUXQWXNUXDQJ
VLUNXODVL

















































%HUGDVDUNDQ UHNRPHQGDVL WHUVHEXW PDND QLODL NHDQGDODQ VXE NRPSRQHQ DODUP
















7HUGDSDW DODUP NHEDNDUDQ GDODP
NRQGLVLEDLNVHUWDVLDSSDNDL
   
3HQ\HGLDDQVLVWHPDODUPVHVXDLGHQJDQ
IXQJVL MXPODK GDQ OXDV ODQWDL
EDQJXQDQQ\D
   
7LWLN 3DQJJLO 0DQXDO 730
EHUGHNDWDQ GHQJDQ DODUP GDQ UXDQJ
SDQHONRQWURO




   
730WHUSDVDQJGLVHWLDSODQWDLGLPDQD
VHWLDS 730 GDSDW PHOD\DQL OXDV
PDNVLPXPP




























-DUDN 730 GHQJDQ VHPXD EDJLDQ
EDQJXQDQWLGDNOHELKGDULPHWHU
   
3HQHPSDWDQ730GDSDWGLOLKDWGHQJDQ
MHODV WLGDN WHUKDODQJ PXGDK
GLMDQJNDX GDQ DGD SDGD MDOXU NH DUDK
OXDUEDQJXQDQ
   
-DUDN DQWDUDPDQXDO DODUP WLGDN OHELK
GDULPHWHU
   
7HUGDSDW DODUP SDGD UXDQJ SDQHO
FRQWUROGDQSDQHOEDQWX
   
$ODUP PHPSXQ\DL VXPEHU OLVWULN
FDGDQJDQ GDUL EDWHUDL DWDX JHQHUDWRU
GHQJDQNDSDVLWDVMDP
   
-80/$+ 
 .ULWHULD\DQJGLSHUEDLNLDWDXGLOHQJNDSL
%HUGDVDUNDQ KDVLO SHPEDKDVDQ VWDQGDU SHQLODLDQ GHWHFWRU GDQ DODUP PDND VWDQGDU
SHQLODLDQGHWHNWRUGDQDODUPNHWLNDVXGDKGLSHUEDLNLDGDODKPHPLOLNLQLODLWHQJDK
( 3HQJDGDDQ6LVWHP3HQJHQGDOLDQGDQ3HPEXDQJDQ$VDS




GDSDWPHPEXDWSHQJXPSXODQDVDSEHUNXPSXOGLVDWX WLWLNGDQWLGDNNHOXDU+DO LQL WLGDN
PHQJXQWXQJNDQ DSDELOD VXPEHUDSL WHUOHWDNGL MDOXU HYDNXDVL XWDPD VHKLQJJD DVDS \DQJ




HNVKDXVW PHOD\DQL  P GHQJDQ XNXUDQ OD\DQDQ  P [  P $SDELOD VXDWX DVDS
























































































 ϬΎ ϭϬϬ ϱϬ
7HUGDSDW SHQJHQGDOLDQ DVDS SDGD
WDQJJD
 ϬΎ ϭϬϬ Ϯϱ











 Ϭ Ϭ Ϭ
6LVWHP SHQJHQGDOLDQ DVDS GDSDW
GLDNWLYDVLVHFDUDPDQXDOGDQRWRPDWLV































)DQ SHPEXDQJDQ DVDS DNDQ EHUSXWDU
EHUXUXWDQ VHWHODK DNWLIQ\D GHWHFWRU
DVDS \DQJ GLWHPSDWNDQ GDODP ]RQD
VHVXDL GHQJDQ UHVHUYRLU DVDS \DQJ
GLOD\DQLIDQ
 ϬΎ ϭϬϬ ϮϮ͕ϰ
'L GDODP NRPSDUWHPHQ EHUWLQJNDW
EDQ\DN V\VWHP SHQJRODKDQ XGDUD
EHURSHUDVL GHQJDQ PHQJJXQDNDQ
VHOXUXK XGDUD VHJDU PHODOXL UXDQJ
NRVRQJ EDQJXQDQ WLGDNPHQMDGL VDWX
GHQJDQFHURERQJSHPEXDQJDQDVDS
 Ϭ Ϭ Ϭ
-80/$+ ϴϬ
.DSDVLWDV IDQ SHPEXDQJ PDPSX
PHQJKLVDSDVDS
 ϬΎ ϭϬϬ ϭϱ͕ϱ
7HUOHWDNGDODPUHVHUYRLUDVDSWLQJJL
PHWHUGDULODQWDL
 ϬΎ ϳϱ ϳ͕ϵϱ
/DMXSHPEXDQJDQDVDSVHVXDLGHQJDQ
SHUV\DUDWDQ\DQJEHUODNX
 ϬΎ ϭϬϬ ϭϲ͕ϴ
)DQ SHPEXDQJDQ $VDS PDPSX
EHURSHUDVL WHUXV PHQHUXV SDGD
WHPSHUDWXUH  & VHODQJ ZDNWX 
DWDX SDGD WHPSHUDWXUH  & VHODQJ
ZDNWXPHQLW




/XDV KRUL]RQWDO UHVHUYRLU DVDS
PDNVLPDO  P GHQJDQ WLQJJL
WLGDNEROHKNXUDQJGDULPP
 Ϭ Ϭ Ϭ
6HWLDSUHVHUYRLUDVDSGLOD\DQLPLQLPDO
VDWXEXDKIDQSDGD WLWLNNXPSXOGDUL
SDQDV GL GDODP UHVHUYRLU DVDS MDXK
GDULSHUSRWRQJDQNRULGRUDWDXPDO
 ϬΎ ϭϬϬ ϭϱ͕ϰ
9RLG HVNDODWRU GDQ WDQJJD WLGDN
GLSHUJXQDNDQ VHEDJDL MDOXU
SHPEXDQJDQDVDS
 ϬΎ ϭϬϬ ϭϲ͕ϴ
-80/$+ ϴϳ͕ϴϱ
 .ULWHULD\DQJGLSHUEDLNLDWDXGLOHQJNDSL
































































'D\D OLVWULN GDUXUDW GLSHUROHK
VHNXUDQJNXUDQJQ\D GXD VXPEHU
WHQDJDOLVWULN\DLWXEDWHUDLGDQJHQVHW
 ϳϱ ϭϬϬ ϭϲ͕ϴ
6XPEHU GD\D OLVWULN GDUXUDW KDUXV
GLUHQFDQDNDQ GDSDW EHNHUMD VHFDUD
RWRPDWLVGDQEHNHUMDVHWLDSVDDW
 ϱϬ ϭϬϬ ϭϵ͕ϴ
3DVRNDQGD\DOLVWULNGLJXQDNDQXQWXN
PHQJRSHUDVLNDQSHQFDKD\DDQGDUXUDW
VDUDQD NRPXQLNDVL GDUXUDW OLI
NHEDNDUDQV\VWHPGHWHNVLGDQDODUP
V\VWHP SLSD WHJDN GDQ KLGUDQ
VSULQNOHU SHQJHQGDOLDQ DVDS SLQWX
WDKDQ DSL GDQ UXDQJ SHQJHQGDOLDQ
RSHUDVLNHEDNDUDQ

































MXJD DGDODK FDKD\D GDUXUDW EHUDVDO GDUL SHWXQMXN DUDK \DQJ GDSDW PHPDQFDUNDQ FDKD\D
GDODPJHODSVHSHUWL\DQJVXGDKGLEDKDVSDGDNRPSRQHQVDUDQDSHQ\HODPDWDQ
%HUGDVDUNDQUHNRPHQGDVLWHUVHEXWPDNDQLODLNHDQGDODQVXENRPSRQHQFDKD\DGDUXUDW














7HUGDSDW SHQHUDQJDQ GDUXUDW GDUL
VXPEHUGD\DOLVWULNGDUXUDW




 ϳϱ ϳϱ ϱ͕ϵϮϱ
/DPSXGDUXUDW GLWHPSDWNDQGHQJDQ
EDLN GDQ VHVXDL VHKLQJJD ELOD VDODK
VDWX ERKODP PDWL WLGDN DNDQ
PHQLPEXONDQJHODS
 ϳϱ ϳϱ ϳ͕ϯϱ
.HPDPSXDQ SHQHUDQJDQ GDUXUDW
GDSDWEHUWDKDQPLQLPDOMDP
 ϭϬϬ ϭϬϬ ϭϬ͕ϰ
3HOHWDNNDQ SHWXQMXN DUDK MDODQ
NHOXDU VHVXDL GHQJDQ VWDQGDU \DQJ
GLWHQWXNDQ








SDSDQ EHUWXOLVNDQ ³(;,7´ DWDX
SDQDK SHWXQMXN WXOLVDQ ³-$/$1
.(/8$5´ GDQ PHPLOLNL V\PERO
GHQJDQXNXUDQ\DQJWHSDWWHUEDFD
 ϭϬϬ ϭϬϬ ϴ͕ϳ
.HOXDU 6HWLDS WDQGD HNVLW GLOHQJNDSL
SHQHUDQJDQ \DQJ  FXNXS DJDU MHODV
WHUOLKDWWHUEDFDGDQEHUVXPEHUOLVWULN
GDUXUDWEDWHUDLJHQVHW
 ϬΎ ϭϬϬ ϭϮ
7DQGD GLSDVDQJ GL WHPSDW \DQJ
PXGDK GLOLKDW DWDX VHSDQMDQJ MDOXU
NHOXDU GDQ PHQJDUDK SDGD WDQJJD
GDUXUDW VHUWD GHNDW GHQJDQ SLQWX
NHOXDUDWDXSLQWXNHEDNDUDQ
 ϳϱΎ ϭϬϬ ϭϮ
7DQGDH[LWMHODVWHUOLKDWGDQGLSDVDQJ
EHUGHNDWDQ GHQJDQ SLQWX \DQJ
PHPEHULNDQ MDODQ NHOXDU ODQJVXQJ
SLQWX GDUL VXDWX WDQJJD H[LW
KRUL]RQWDO GDQSLQWX \DQJPHOD\DQL
H[LW
 ϮϱΎ ϭϬϬ ϳ͕ϵ
%LOD H[LW WLGDN WHUOLKDW VHFDUD
ODQJVXQJ GHQJDQ MHODV ROHK
SHQJKXQL KDUXV GLSDVDQJ WDQGD
SHWXQMXN GHQJDQ WDQGD SDQDK
SHQXQMXNDUDK































 'HWHNVLGDQ$ODUP %    
 6LDPHV&RQQHFWLRQ %    
 3HPDGDP$SL5LQJDQ &    
 +LGUDQ*HGXQJ &    
 6SULQNOHU &    
 6LVWHP3HPDGDP/XDSDQ %    
 3HQJHQGDOL$VDS &    
 'HWHNVL$VDS &    
 3HPEXDQJDQ$VDS %    




%    
 /LVWULN'DUXUDW %    
 5XDQJ3HQJHQGDOL2SHUDVL .    
%RERW6LVWHP3URWHNVL$NWLI  727$/ 






































3HQJDGDDQ NRPSDUWHPHQ GLDGDNDQ GLVHNLWDU WDQJJD GDUXUDW WDPEDKDQ DJDU WDQJJD























































%XNDDQ KRUL]RQWDO ODLQQ\D VHSHUWL MHQGHOD \DQJ GLPLOLNL ROHK 3DVDU $QGLU GDSDW
PHPXQFXONDQ UHVLNR DSL GDSDWPHQ\HEDU GHQJDQPXGDK NH ODQWDL DWDV VHKLQJJD XNXUDQ
MHQGHOD KDUXV GLVHVXDLNDQ XQWXN PHQJXUDQJL UHVLNR WHUVHEXW %HULNXW PHUXSDNDQ
UHNRPHQGDVLGHVDLQEXNDDQMHQGHOD3DVDU$QGLUGLOLKDWGDULPXNDEDQJXQDQ
*DPEDU 5HNRPHQGDVLXNXUDQMHQGHOD3DVDU$QGLU%DQJXQDQ




























GDQ DSDELOD NRPSDUWHPHQ \DQJ
PHPLOLNL WLQJJL NXUDQJ GDUL  P
GLSDVDQJ VLVWLP SHPEXDQJDQ DVDS
DWDXYHQWLODVLDVDSGDQSDQDV










































 ϭϬϬ ϭϬϬ ϯϯ͕ϯ
.HWDKDQDQDSLHOHPHQEDQJXQDQ
VHVXDLGHQJDQ\DQJGLV\DUDWNDQ


































 ϮϱΎ ϭϬϬ ϯϰ
-80/$+ ϵϲ͕ϱ
 .ULWHULD\DQJGLSHUEDLNLDWDXGLOHQJNDSL
6WDQGDU SHQLODLDQ VXE NRPSRQHQ NRPSDUWHPHQLVDVL UXDQJ QDLN  SRLQPHQMDGL















 .HWDKDQDQ$SL6WUXNWXU %    
 .RPSDUWHPHQLVDVL5XDQJ %    

























SURWHNVL NHEDNDUDQ JHGXQJ GDQ PHPLOLNL SHUPDVDODKDQ GDVDU \DQJ VDPD GDUL WLDS SRLQ
SHPEDKDVDQ SDGD DQDOLVLV VLVWHP SURWHNVL NHEDNDUDQ \DLWX NHGLVLSOLQDQ SHGDJDQJ
PHQ\DQJNXWSHULKDOSHQDWDDQEDUDQJGDJDQJDQNHVDGDUDQ WHQWDQJ LVXEDKD\DNHEDNDUDQ






LWX VHQGLUL GDODPPHQMDJD NHGLVLSOLQDQ DJDU WLGDN DGD SHGDJDQJ QDNDO \DQJPHOHWDNNDQ
EDUDQJGDJDQJDQQ\D NHOXDUPHQJKDPEDW MDOXU VLUNXODVL DWDXPHQJKDODQJL HOHPHQ VLVWHP
SURWHNVL NHEDNDUDQ JHGXQJ 2OHK NDUHQD LWX SHUOX GLEHQWXN VHEXDK NHUMDVDPD DQWDUD
SDJX\XEDQSHGDJDQJSDVDUDQGLU GHQJDQSHWXJDVNHDPDQDQGDODPPHQHQWXNDQSHUZDNLODQ
SHGDJDQJ SHU ODQWDL XQWXN PHQMDGL EDJLDQ GDUL DQJJRWD WLP SHQDQJDQDQ QDXQJDQ WLP
SHQDQJJXODQDQNHEDNDUDQJHGXQJ
3HUZDNLODQSHGDJDQJ\DQJWHUSLOLKXQWXNEHUJDEXQJGHQJDQ WLPSHQJDPDQDQOHELKEDLN
DGDODK RUDQJ \DQJ GLVHJDQL ROHK SHGDJDQJ ODLQQ\D DWDX EHUDVDO GDUL SDJX\XEDQ SDVDU
WHUVHEXW-XPODKSHUZDNLOODQSHGDJDQJ\DQJWHUSLOLKEHUEHGDEHGDWLDSODQWDLWHUJDQWXQJGDUL
MXPODK]RQDVLMDOXUSHQ\HODPDWDQ\DQJGLEXDW%HUGDVDUNDQUHNRPHQGDVLDUVLWHNWXUDO\DQJ
































 0HODNVDQDNDQ NRRUGLQDVL SHQDQJJXODQJDQ GDQ SHQJHQGDOLDQ NHEDNDUDQ SDGD
VDDWWHUMDGLNHEDNDUDQ
 0HODNVDQDNDQ SHQ\XVXQDQ VLVWHP GDQ SURVHGXU XQWXN VHWLDS WLQGDNDQ
SHQJDPDQDQWHUKDGDSEDKD\DNHEDNDUDQSDGDEDQJXQDQ



































































 3HODNVDQDDQ SHQJDGDDQ ODWLKDQ SHPDGDP NHEDNDUDQ VHFDUD SHULRGLN GHQJDQ
PHOLEDWNDQVHOXUXKSHQJKXQLJHGXQJ
 3HPHULNVDDQ GDQ SHPHOLKDUDDQ VDUDQD SHQFHJDKDQ GDQ SHQDQJJXODQJDQ
NHEDNDUDQ














GDHUDK NHEDNDUDQ NH WHPSDW \DQJ DPDQ GDQ NHSDGD RUDQJRUDQJ ODQMXW XVLD
FDFDWVDNLWGDQLEXLEXKDPLOKDUXVGLEHULNDQFDUDSHQ\HODPDWDQNKXVXV
























 0HQMDJD WHUMDGLQ\D SHQMDODUDQ NHEDNDUDQ GHQJDQ FDUD PHORNDOLVDVL GDHUDK
















 0HQJHYDOXDVL MXPODK \DQJ GLHYDNXDVL EHUVDPD GHQJDQ NHORPSRN HYDNXDVL
VHWLDSODQWDL
 0HQMDJD GHQJDQ NHWDW VXSD\D MDQJDQ VDPSDL DGD \DQJ EHUXVDKD XQWXN QDLN




0HQ\HODPDWNDQ RUDQJ SLQJVDQ DNLEDW NHEDNDUDQ GHQJDQ WDQGX GDQ VHJHUD
PHPEHULNDQSHUWRORQJDQSHUWDPD
0HQ\HODPDWNDQRUDQJ\DQJSDNDLDQQ\DWHUEDNDUGHQJDQVHOLPXWWDKDQDSLGDQ


























PHOHWDNNDQ EDUDQJ GDJDQJDQQ\D GDQ NXUDQJ NHVDGDUDQ WHQWDQJ LVX EDKD\D
NHEDNDUDQ
 0HQJDPDQNDQ GDHUDK NHEDNDUDQ DJDU WLGDN GLPDVXNL ROHK RUDQJRUDQJ \DQJ
WLGDNEHUWDQJJXQJMDZDE














 3HPHULNVDDQ NHDGDDQ MLND WHUMDGL DODUP EHUEXQ\L GDQ PHQJDPELO WLQGDNDQ
VHSHUOXQ\D





 0HPDWLNDQ OLVWULN SDGD WHPSDW GL PDQD NHEDNDUDQ WHUMDGL WHUXWDPD \DQJ












































1R .6.% 35(6(17$6( 1,/$, $.+,5 1,/$,$:$/
 .HOHQJNDSDQ7DSDN   
 6DUDQD3HQ\HODPDWDQ   
 3URWHNVL$NWLI   
 3URWHNVL3DVLI   
1,/$,.($1'$/$1  
%HUGDVDUNDQ WDEHO WHUVHEXW NHQDLNDQ QLODL NHDQGDODQ NHVHODPDWDQ NHEDNDUDQ DSDELOD
EDQJXQDQ WHODK PHPSHUEDLNL VHVXDL GHQJDQ UHNRPHQGDVL \DQJ GLEHULNDQ DGDODK VHEHVDU






















%HUGDVDUNDQ KDVLO DQDOLVLV SDGD EDE KDVLO GDQ SHPEDKDVDQ GLGDSDWNDQ NHVLPSXODQ
PHQJHQDL SHQLODLDQ NHDQGDODQ NHEDNDUDQ GDQ PDQDMHPHQ SURWHNVL NHEDNDUDQ VHEDJDL
EHULNXW
 7LQJNDWNHDQGDODQNHOHQJNDSDQWDSDN3DVDU $QGLU.RWD%DQGXQJPDVXNNHGDODP
NDWHJRULNXUDQJGHQJDQ VNRU  GDQQLODLSUHVHQWDVH GDULERERW7LQJNDW
NHDQGDODQVDUDQDSHQ\HODPDWDQ WHUPDVXNGDODPNDWHJRULFXNXSGHQJDQ VNRU
GDQ QLODL SUHVHQWDVH  GDUL ERERW  6HODQMXWQ\D WLQJNDW NHDQGDODQ VLVWHP
SURWHNVLDNWLIGLEDQJXQDQ3DVDU$QGLU.RWD%DQGXQJWHUPDVXNNHGDODPNDWHJRUL
NXUDQJ GHQJDQ VNRU  GDQ QLODL SUHVHQWDVH  GDUL ERERW  VHGDQJNDQ
XQWXN VLVWHP SURWHNVL SDVLI PHPLOLNL WLQJNDW NHDQGDODQ \DQJ PDVXN NH GDODP
NDWHJRULFXNXSGHQJDQMXPODKVNRU GDUL VHKLQJJDSUHVHQWDVH\DQJGLGDSDW
DGDODK
 7LQJNDW NHDQGDODQ NHVHODPDWDQ NHEDNDUDQ EDQJXQDQ JHGXQJ 3DVDU $QGLU .RWD
%DQGXQJEHUGDVDUNDQFDUDSHPHULNVDDQSXVOLWEDQJ3G7&DGDODK
DWDXWHUPDVXNGDODPNDWHJRULNXUDQJ.
 %DQJXQDQ 3DVDU $QGLU .RWD %DQGXQJ EHOXP PHPLOLNL PDQDMHPHQ SURWHNVL
NHEDNDUDQJHGXQJ
 6ROXVL DUVLWHNWXUDO \DQJ GLWDZDUNDQ XQWXNPHQLQJNDWNDQ QLODL NHDQGDODQ VHEHVDU
SDGDEDQJXQDQ 3DVDU$QGLU.RWD%DQGXQJ DGDODKVHEDJDLEHULNXW
D .HOHQJNDSDQWDSDN
 3HQJDGDDQ IDVLOLWDV WHPSDW SDUNLU YHUWLNDO XQWXN NHQGDUDDQ EHUPRWRU GL
URRIWRS GHQJDQ XNXUDQ PHQ\HVXDLNDQ GHQJDQ NDSDVLWDV PRWRU \DQJ
GLLQJLQNDQELD\D\DQJGLPLOLNLGDQNHNXDWDQVWUXNWXU
 3HQDPEDKDQ NDSDVLWDV VXPEHU DLU VHEDQ\DN  P GL GHNDW JURXQG
ZDWHUWDQN GDQODSLVSHUNHUDVDQ






















EXDK GDQ SHQDPEDKDQ NRWDN KLGUDQ EHVHUWD SHWXQMXN SHQJJXQDDQQ\D
VHEDQ\DNEXDK\DQJGLOHWDNNDQGLPDVLQJPDVLQJKLGUDQSLOODU
 3HQJDGDDQ WLWLN NXPSXO GL DUHD VHEHODK VHODWDQ GDQ WHQJJDUD EDQJXQDQ
VHOXDV P
E 6DUDQDSHQ\HODPDWDQ






 3HQJDGDDQ SHQDQGDDQ WLQJNDWDQ ODQWDL VHWLQJJL  PHWHU GLDWDV ERUGHV
WDQJJD
F 6LVWHPSURWHNVLDNWLI
 3HQDPEDKDQ $3$5 EHVHUWD SHQDQGDDQQ\D VHEDQ\DN  EXDK GL ODQWDL
EDVHPHQWEXDKGLODQWDLGDVDUEXDKGLODQWDLGDQ
 3HQJDGDDQSHQDQGDVLDPHVHFRQQHFWLRQ GDQPHQJKLODQJNDQSDJDU
 3HQDPEDKDQ GHWHNWRU GLOHWDNNDQ SDGD UXDQJUXDQJ \DQJ EHOXPPHPLOLNL
GHWHNWRU PHUHORNDVL GHWHNWRU VHVXDL GHQJDQ MHQLV GHWHNWRU GDQ MHQLV
UXDQJQ\DVHSHUWL\DQJWHODKGLDQDOLVLVSDGD7DEHO
 3HQJDGDDQ WLWLNSDQJJLOPDQXDOGDQDODUPNHEDNDUDQ GLOHWDNNDQGLNRORP
VHSDQMDQJMDOXUNHOXDU DJDUPXGDKWHUOLKDWGDQGLMDQJNDX
 3HQJDGDDQ VLVWHP SHQJHQGDOLDQ GDQ SHPEXDQJDQ DVDS GHQJDQ VLVWHP
H[KDXVW IDQ \DQJ GLOHWDNNDQ GLVHSDQMDQJ MDODQ NHOXDU GDQ FHURERQJ
DVDSVKDIWDVDSGLOHWDNNDQGLVHEDODKEDUDWGDQWLPXUEDQJXQDQ DJDUNHWLND
HYDNXDVLGDQEHUNXPSXOGLWLWLNHYDNXDVLEHEDVDVDS
 3HQDPEDKDQ VXPEHU OLVWULN GDUXUDW VHEDQ\DN  EXDK GLOHWDNNDQ GLUXDQJ
JHQVHW
 3HQJDGDDQFDKD\DGDUXUDWGDULEDWHUDLGLOHWNNDQGLVHSDQMDQJ MDODQNHOXDU























 3HQJDGDDDQ SHUOLQGXQJDQ EXNDDQ EHUXSD SLQWX EDMD GDQ WLUDL SHQJKDODQJ
DVDS XQWXN SURWHNVL EXNDDQ YHUWLNDO VHUWD SHQ\HWRS DSL EHUXSD DGRQDQ
PDXSXQEDQWDODQXQWXNSURWHNVLEXNDDQKRUL]RQWDO
 8NXUDQEXNDDQMHQGHODPDNVLPDO PHWHU [PHWHU
H 3HQJDGDDQ PDQDMHPHQSURWHNVL NHEDNDUDQ JHGXQJ VHVXDL VWDQGDU3HUPHQ38
1R 3570 GHQJDQ VWUXNWXU RUJDQLVDVL \DQJ PHQ\HVXDLNDQ GHQJDQ
NHDGDDQNRQGLVLHNVLVWLQJEDQJXQDQSDVDUGDQIDVLOLWDVQ\D6HODLQLWXDJDUGDSDW
PHQLQJNDWNDQNHGLVLSOLQDQSHQDWDDQEDUDQJGDJDQJGDQNHVDGDUDQLVXEDKD\D










NHEDNDUDQ JHGXQJ XQWXN SHPHOLKDUDDQ GDQ DWDX SHPHULNVDDQ NRPSRQHQ VLVWHP
SURWHNVLNHEDNDUDQEDQJXQDQJHGXQJGDQSHQJDGDDQVRVLDOLVDVLVLPXODVLNHEDNDUDQ
XQWXNSHQJKXQLJHGXQJ
 3HQHOLWL VHODQMXWQ\DGLKDUDSNDQGDSDWPHODNXNDQREVHUYDVL SHQJHFHNNDQVHOXUXK
DODW GDQNHOHQJNDSDQGRNXPHQ XQWXNPHPDVWLNDQVHPXDNRPSRQHQVLVWHPSURWHNVL






























































3HUDWXUDQ 0HQWHUL 3HNHUMDDQ 8PXP 1RPRU 3570  3HGRPDQ 7HNQLV
0DQDMHPHQ3URWHNVL.HEDNDUDQGL3HUNRWDDQ-DNDUWD'HSDUWHPHQ3HNHUMDDQ8PXP
3HUDWXUDQ0HQWHUL 3HNHUMDDQ 8PXP 1RPRU 3570  3HUV\DUDWDQ 7HNQLV
6LVWHP 3URWHNVL .HEDNDUDQ 3DGD %DQJXQDQ *HGXQJ GDQ /LQJNXQJDQ-DNDUWD
'HSDUWHPHQ3HNHUMDDQ8PXP





3XWUD , 'HZD *HGH $JXQJ 'LDVDQD  ³.DMLDQ 3HQLQJNDWDQ .LQHUMD 3URWHNVL 3DVLI
7HUKDGDS %DKD\D .HEDNDUDQ SDGD %DQJXQDQ 3DVDU 7UDGLVLRQDO %HUWLQJNDW´ 7HVLV
3DVFD6DUMDQD,QVWLWXU7HNQRORJL%DQGXQJ
5DPOL 6RHKDWPDQ  3HWXQMXN 3UDNWLV 0DQDMHPHQ .HEDNDUDQ )LUH 0DQDJHPHQW
-DNDUWD'LDQ5DN\DW
5RVDGL'LDQ 5HVSRQ NHOXKDQ SHGDJDQJ:DNLO:DOL.RWD%DQGXQJ WLQMDX3DVDU
$QGLU %DQGXQJ 0HUGHND KWWSVEDQGXQJPHUGHNDFRPKDOREDQGXQJUHVSRQ
NHOXKDQSHGDJDQJZDNLOZDOLNRWDEDQGXQJWLQMDXSDVDUDQGLU[KWPO
'LDNVHVWDQJJDO)HEUXDUL



























%DKD\D .HEDNDUDQ SDGD %DQJXQDQ 5XPDK 'DQ *HGXQJ -DNDUWD %DGDQ 6WDQGDUG
1DVLRQDO,QGRQHVLD
61,   7DWD &DUD 3HUHQFDQDDQ 3HPDVDQJDQ GDQ 3HQJXMLDQ 6LVWHP
'HWHNVL GDQ $ODUP .HEDNDUDQ XQWXN 3HQFHJDKDQ %DKD\D .HEDNDUDQ SDGD
%DQJXQDQ*HGXQJ -DNDUWD%DGDQ6WDQGDUG1DVLRQDO,QGRQHVLD
61,   7DWD &DUD 3HUHQFDQDDQ GDQ 3HPDVDQJDQ 6LVWHP 6SULQJNOHU







:DKDGDPDSXWUD 6KLUOH\ GNN  .DMLDQ 'HVDLQ 6LUNXODVL 'DODP VHEDJDL 6DUDQD
(YDNXDVL SDGD %DQJXQDQ 3DVDU %DUX 7UDGH &HQWUH %DQGXQJ -XUXVDQ $UVLWHNWXU
8QLYHUVLWDV%DQGDU/DPSXQJ9ROXPH1RPRU
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
